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FOR BEST OVERALL 
PERFORMANCE 


Coordination with other B&W 
Equipment makes possible a com- 
plete boiler unit capable of pro- 
ducing steam at lowest cost when 


all factors are considered. 


Operating records show furnace- 
availability as high as that of the 
best boilers. 


HIGH COMBUSTION 
EFFICIENCY 


Wide variety of wall surfaces per- 
mit furnace temperature high enough 
to prevent excessive carbon loss at 


all ratings. 


The Babcock & Wilcox Company .. . 85 Liberty Street . . 


BABCOCK & WILCOX 
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BAILEY 
WATER 
WALLS 





WIDELY 


Used to advantage with any fuel or 
firing method, for small as well as 
large boilers, for partial or complete 


water-cooling. 


WORLD-WIDE USE 


More than 750 installations through- 
out the world. In this country alone, 
under boilers having total output of 
over 92,000,000 pounds of steam 
per hour. 


Interior of Bailey Water-Cooled Slag-Tap 
Furnace showing block-covered side-wall 
and floor and multiple-intertube pulver- 
ized-coal burners located in the arch. 


. New York 
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Metallic or Semi-metallic Gasket 


The new Goetze Multiseal Gasket is de- 
signed to produce perfect tightness with only 
30 per cent as much contact surface as on_a 





plain flat metal gasket, and with greatly re- 
duced bolt pressure. This is accomplished 
by providing the faces with crossed ductile 
and resilient raised ribs, which under very 
small bolt pressure, set ‘themselves into the 
tightest contact even on imperfect flange 
faces, and maintain the tightness perfectly 
under high fluid pressure, expansion and con- 
traction and vibration. These gaskets are 
more resilient than flat solid metal gaskets, 
which if uneven in thickness or scratched on 
the surface require enormous bolt pressure 
and straining of the flanges to produce tight- 
ness. Inasmuch as making solid gasket 
metal uniform in thickness and keeping 
it free from surface nicks and scratches is al- 
most impossible, the new Goetze Multiseal 
construction offers a simple and very effec- 
tive means of producing and maintaining 
correct surface and thickness for dependable 
carefree service. 

Goetze Multiseal Gaskets are obtainable 
as solid copper, steel, armco iron, aluminum 
or lead, as a metal shell with asbestos filler. 
Made in any circular, elliptical or special 
shape by Goetze Gasket & Packing Co., Inc., 
34 Allen Ave., New Brunswick, N. J. 


The Development 
of the Telephone 


Recently the pagentry of telephone de- 
velopment was enacted in a radio broadcast. 
The discovery of the telephone, its develop- 
ment, and the heroic deeds associated with it 
were portrayed. The broadcast commemo- 
rated the 50th Anniversary of the American 
Telephone and Telegraph Co. and the 20th 
Anniversary of trans-continental telephone 
service. 

Among the historic events dramatized was 
the first telephone call between Alexander Bell 
and his assistant, Thomas A. Watson, at 
Boston in 1876, and the first exhibition of the 
invention at the International Centennial Ex- 
hibition in Philadelphia the same year. 

Walter S. Gifford, President, American 
Telephone and Telegraph Co. made an ad- 
dress, from which the following is quoted: 

“The American Telephone and Telegraph 
Company is 50 years old. It has become a 
great American Institution. ***Its nation- 
wide organization, existing in substantially 
the same form for half a century, makes pos- 
sible telephone service as we know it today. 
A telephone call is so easy to make that the 








$1.25 PER LINE 


RATE Minimum insertion ten 
lines, including one line 
heading free; twenty lines or more, two 
line heading free. Maximum insertion 
in any one issue, fifty lines. Text matter 
averages seven words to the line. Illus- 
tration cuts not exceeding one column 
wide may be used and are hpeged for 
by the number of lines in de 
Announcements accepte till be 
placed in the first available issue, space 
potmiecing, A given announcement may 
inserted only once. 











person making the call has no idea of the 
complicated physical equipment and the vast 
organization of workers behind it. ***It is 
the result of the free play of individual initia- 
tive and ability fostered and given free rein 
during all these years in an institution which 
recognizes the American ideal of equal oppor- 





“‘centrals”’ 


New York had seven telephone 


in 1885 


tunity for each individual to develop to the 
fullest his talents and personality. *** In- 
stead of trying to prove that the possible 
couldn’t be done, everyone was trying to see 
how the impossible—or what seemed impos- 
sible—could be and was done. It is this typi- 
cal American spirit that assures our country 
getting out of its present difficulties. It is 
this spirit that has built up the Bell System, 
an institution that every minute of the day 
performs what 50 years ago would have 
seemed impossible miracles. *** We are cele- 
brating one 50 years and looking into the 
next. 


Reduced Maintenance Costs As- 
sured by New Arc Welding 
Electrodes 


Unusual interest has been shown in two 
new arc welding electrodes announced re- 
cently by the Lincoln Electric Company, 
Cleveland, Ohio. One of these electrodes, 
“Toolweld,” permits savings up to 35% on 
tool costs while the other allows like savings 
in maintenance of equipment. 

“Toolweld” electrode permits great sav- 
ings by providing a cutting edge for metal 
and wood-working tools which is equivalent 
to high speed tool steel. Not only can tool 
steel tools be refaced innumerable times 
with “Toolweld,” but new tools can be made 
at great savings by applying the electrode to 
alloy steel, which costs approximately 5-3/, 
cents per pound compared with $.50—$2.00 
per pound for tool steel. Tools so made have 
been shown by actual test to be equal to or 
better than average tools made of costly tool 
steel. 

The metal deposited by “Toolweld”’ elec- 
trode is particularly suitable for tool work 
since it can be heat treated in the same 


manner as tool steel while possessing™ the 
additional advantage of retaining its hard. 
ness (55 to 65 Rockwell C) under relatively 
high temperatures, up to approximately,1000 
degrees Fahrenheit. 

“‘Abrasoweld” electrode is designed for 
building up straight-carbon steel, low alloy 
or high manganese steel surfaces to resist 
abrasion. Equipment resurfaced with 

“Abrasoweld” has been found to possess 50% 
longer life than was possible with other 
electrodes. 

“Abrasoweld” is of particular value in 
such applications as restoring gear and 
pinion teeth; agricultural machinery; rock 
crushing equipment; housings and impellers 
of centrifugal sand pumps; lugs and treads 
of tractors; teeth, lips and bottom of power 
shovels. 

Unlike other electrodes, the ‘““Abrasoweld” 
deposit develops its maximum hardness 
(50 Rockwell C) only at the surface where it 
is cold worked. This leaves a strong tough 
core for resisting shock. Weld metal pro- 
duced by “Abrasoweld” is more resistant to 
corrosion than high manganese steel and 
must be ground to shape as it cannot be filed 
or machined, 


100-Pound High Pressure Barrel 
Pump 





The new high pressure, air operated barrel 
pump introduced by the Alemite Corpora- 
tion, 1822 Diversey Parkway, Chicago, IIL, 
converts any original 100- pound lubricant 
container into an efficient powergun for 
industrial lubrication. It develops a pres- 
sure 33 times the air pressure used and pumps 
eighteen ounces of regular lubricant a min- 
ute, a delivery more than sufficient to take 
care of several outlets at one time. This 
maroon, chrome plated barrel pump is pro- 
vided with either a 4-wheeled truck for port- 
ability or a base for stationary installation. 
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The Pride of His Craft 


N A remarkable so-called ‘“‘epitaph’’ written of 

himself by the colorful ‘“‘Lawrence of Arabia,’’ re- 
cently deceased, the reason for his renouncement of a life 
of letters and romance to become “‘Aircraftsman Shaw”’ 
is partially explained. After reciting the miscalcula- 
tions of his financial provisions for a life of retirement— 
ending with his discovery, ‘‘My peace must be mixed 
with effort. Damn’’—he says that ‘“‘the conquest of 
the last element, the air, seems to me the only major 
task of our generation and I have convinced myself 
that progress today is not made by a single genius but by 
a common effort.’ Hence, he argues, it is the airmen 
mechanics who are overcoming the air. ‘‘Genius raids, 
but the common people occupy and possess.”’ 

Here is pride of craftsmanship articulate and en- 
nobled. Here is a keen appreciation of that dependence 
which the machine has upon the man. 

Elsewhere in this issue are papers presented at the Cin- 
cinnati Meeting of The American Society of Mechanical 
Engineers on apprenticeship training. That all young 
men undergoing such training might view themselves 
with respect to the machine as Shaw viewed himself 
would greatly strengthen that essential relationship 
between men and machines upon which our civilization 
depends. The depression has greatly depleted the ranks 
of those who are skilled craftsmen and mechanics. 
Were a reasonably normal return to capacity production 
to come suddenly, our greatest lack would be in trained 
man power. This fact must not be overlooked. We 
shall do well constantly to remember that ‘Genius 
raids, but the common people occupy and possess,’” and 
do everything in our power to train men to have Shaw's 
pride in his craft. 


Professional Society Organization 


HENEVER engineers consider the number of 

agencies in this country devoted to their in- 
terests, their logical minds and their horror of waste 
and duplication lead them to think of schemes whereby 
unification and coordination may be brought about. 
In an article on the engineer and his societies published 
this month Professor Croft speaks of go national en- 
gineering societies. Mr. Feiker, of the American En- 


gineering Council, has listed 277 national, state, and 
local organizations. 


Comparisons of this condition 


401 


with that among physicians and lawyers, represented 
by the American Medical Association and the American 
Bar Association, are natural enough, although differ- 
ences in the professions can be cited to show the hazards 
of such comparisons. 

Engineers who have been close to the national societies 
are familiar with the history of their development, the 
reasons for the present apparent lack of coordination 
and unification, and some of the difficulties that would 
be involved in chucking the whole lot out of the window 
and starting afresh. They will be the last to deny the 
interest that attaches to all discussions of new societies, 
or new functions for old ones, or especially proposals 
for greater coordination and unification. In general 
their minds are open. 

That engineering societies are working more closely 
side by side and finding ways in which their common 
interests join was strikingly illustrated in the meeting 
in New York on May 20 of the boards of the Founder 
Societies and the representatives of their joint functional 
agencies, reported this month in ‘‘What’s Going On.”’ 
Meetings such as this and discussions by engineers all 
over the country, in which the facts and principles in- 
volved in unifying the profession can be brought out, 
are most helpful. Professor Croft's article contains a 
proposal for a single engineering society. It is pre- 
sented as an example of what some engineers are think- 
ing about and in the hope of arousing interest in pro- 
fessional society organization. It represents Professor 
Croft's personal views. Others would be of interest. 


Advertising for Professional Services 


ELECTION of professional engineering services 
by competition in which financial considera- 
tions are paramount and sometimes the only ones, neces- 
sitating the bidding by one engineer against another, 
is a practice which professional engineering societi¢s 
condemn for cogent reasons., Neither the engineers who 
are, in certain cases, thus compelled to secure engage- 
ment, if they will have it at all, nor those who are de- 
sirous of retaining them, are well served; for the former 
there is a lowering of professional standards, while the 
latter may not get the talent they need and expect. 
It is fair to say that in many cases such practices are 
followed by public authorities whose understanding 
of the professional point of view is slight and who 
ignorantly assume that professional services in engineer- 
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ing projects are impartially secured by such means. 
Inasmuch as public expenditures are greatly increasing 
and the services of engineers are being required by public 
bodies unfamiliar with professional engineering ethics, 
the Committee on the Manual of Practice of The Ameri- 
can Society of Mechanical Engineers, which concerns 
itself with the practices of consulting engineers, has 
noted an increase in this method of engaging engineers 
and wishes to combat it vigorously. The American 
Society of Civil Engineers, in whose field such abuses are 
more common, adopted a resolution in 1925 condemning 
such competitive bidding and recommending that 
‘public authorities and others desiring to secure pro- 
fessional engineering services select an engineer, from 
those available, on the basis of his qualifications, ex- 
perience, and professional preparation for work of the 
size and character under consideration, determining by 
inquiry of recognized professional authority the appro- 
priate basis of compensation for such services.” 

The Committee on Manual of Practice of the A.S.M.E. 
wishes to be informed of cases in which engineers are 
asked through advertisement or otherwise to submit in 
competition their terms for performing engineering ser- 
vices. Such information, addressed to the Secretary of 
the Society, will receive the prompt attention of the 
Committee, and will assist it in discouraging and stamp- 
ing out this undesirable method of securing professional 
engineering services. 


Biomechanical Repercussions 
be winter we were privileged to meet Dr. Murray 


Gratz, of New York, whose studies in the field 
of orthopedic surgery led him to the adoption of 
engineering methods in biomechanical research. From 
certain engineers, notably G. B. Karelitz, member, The 
American Society of Mechanical Engineers, Doctor 
Gratz received valuable advice on the technique of ma- 
terials testing and the interpretation of the results of his 
tests on fibrous body tissues. The engineering features 
of Doctor Gratz’s work were published in MecHANICAL 
ENGINEERING for April, as an example of the manner in 
which workers in the professions of surgery and 
engineering had been of service to one another. Last 
month we attended a luncheon given by Doctor Gratz 
for the purpose of advancing interest in his research 
program, and we were pleased to learn that the notice 
accorded his article by engineers had been useful to him. 

Speakers at the luncheon, at which the guest of honor 
was Dr. Arthur Steindler, of the State University of 
Iowa, confirmed the opinion, expressed by us in April, 
that such a rapprochement of the professions as Doctor 
Gratz had been able to effect was significant and an in- 
dication that the interchange of techniques could be 
made to serve the interests of all concerned. 

The field in which Doctor Gratz is working is one of 
particular interest to industrialists with whom many 
engineers are in close contact as executives and personnel 
managers, because strains, sprains, and fractures are 
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hazards to which workmen in many industries are con- 
stantly exposed. Whatever assistance can be given to 
orthopedists by engineers, whose familiar fields are those 
of mechanics and the strength of materials, may con- 
ceivably bear fruit when transplanted into the field of 
biomechanics, about which, apparently, too little is 
known. That-the orthopedists appreciate the value of 
what the engineers have done for them was confirmed 
by Doctor Gratz’s announcement that further work to 
be carried on by him and his co-workers would receive 
the scrutiny of experts in both professions before being 
made public. Such interchange of knowledge and help 
does credit to the good sense of both professions. 


Double-Barrel Small-Caliber Guns 


ONDITIONS of modern warfare call for light 
artillery of special types to support and protect 
infantry operations. This new type of artillery, of course, 
is to be supplementary to conventional types. The 
practical necessity for it arose with the development of 
trench warfare on the one hand and tanks on the other. 
What seems to be necessary is a gun that is as light as 
possible and yet capable of putting out of action a tank 
at a distance in excess of that at which the tank's of- 
fensive weapons are effective. It is also necessary to 
have a weapon that will permit a certain amount of 
high-angle fire at moderate distances and with a shell 
of moderate size, so as to be able to attack the objective 
from front-line trenches or emplacements where the 
regular artillery cannot be brought in. 

Several solutions have been proposed. One which 
looked attractive, but did not prove quite practicable, 
was a gun Carriage capable of mounting one of two 
tubes, the tube not mounted on the carriage being car- 
ried separately. Another solution, rather ingenious, 
was to insert a small tube inside a larger one when the 
former was to be used and withdraw it when the latter 
was Called into action. An attempt has also been made 
to cast the two tubes in one piece. None of these at- 
tempts has proved satisfactory. 

The famous Czechoslovakian armament works, Skoda, 
tried an arrangement in which both tubes were mounted 
on the same carriage, either side by side or one on top 
of the other. It was found unsatisfactory in firing, 
however, and aiming was practically impossible. It 
is now reported that the Bofors Company in Sweden, 
reputed to be controlled by foreign interests, has suc- 
ceeded in producing a double-tube gun in which both 
tubes are mounted on the same carriage, one on top of the 
other. This gun is said to be free from the defects of the 
others. According to the information available the 
smaller tube has a bore of 37 mm, is intended for direct 
fire, chiefly as an anti-tank weapon, and has a range of 
7300 m. The large tube, designed for high-angle 
fire, has a bore of 81 mm and a range of 5000 m. The 
total weight of the unit is 435 kg. The matter is im- 
portant as the availability of such a weapon as this will 
materially affect the military usefulness of tanks. 
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STEAM Versus HYDRO POWER 


A Discussion of Some Underlying Engineering and Economic Principles 


By E. M. GILBERT 


E. M. GILBERT ENGINEERING CORP., READING, PA. 


N OUR lives today electric energy is always available, and 
subconsciously we assume that it will always be ready to 
serve us without any special effort on our part. Lately, 

however, proposals to build some hydroelectric developments, 
together with public discussions of them, have made this ques- 
tion one of general interest; and at present many opinions 
based on snap judgment and without any conception of the 
essential details are being given on every side. It seems 
proper, therefore, to call attention to some facts well known 
to power engineers but, by reason of their intricate relation- 
ships, not so easily appreciated by the general public. 

The wide distribution of relatively cheap sources of fuel 
throughout or adjacent to the industrial regions of the United 
States has made it possible to locate some sort of a steam plant 
almost anywhere. This has made steam power the real stand- 
ard of reference by which the value of power is commonly 
rated. Also, because falling water is a free gift of nature, the 
public believes that water power is naturally cheaper than 
steam power, and should, therefore, be developed as fast as a 
market for it appears, especially as this would conserve the 
country’s fuel resources for future generations. This popular 
opinion has been rather confirmed ever since the advent of 
electric power transmission by the apparent eagerness of 
capitalists to invest money in the development of hydro power. 
Bonds on a ‘‘white-coal’’ project have always been marketable. 


LOCATION OF AVAILABLE HYDRO POWER GENERALLY 
UNFAVORABLE 


The development of this country has exercised a definite 
influence on this situation. The pioneers, naturally, settled 
along the river banks, as these streams afforded the best and, 
in fact, the only means of transportation. Later, as the in- 
ventive and commercial instincts of these settlers developed, 
these streams in addition furnished a source of power for grist 
and saw mills and early manufacturing plants. As improved 
forms of transportation, canals, highroads, and finally the 
railroads were developed, they too were built along these same 
river banks, first, because these were in most cases the easiest 
and cheapest routes and, second, because these routes would reach 
the largest centers of population from which these new de- 
velopments must derive their support. Population and manu- 
facturing follow the railroads, and as a result most of the great 
centers of industry are located along the rivers. 

In a thickly settled country such as the eastern half of the 
United States, any possibilities of creating new large-scale 
water-power developments are badly complicated by the 
necessity for displacing the railways and highways. These 
are already in river valleys that might otherwise be available 
for storage reservoirs, even though the locations were at a 
considerable distance from the industrial centers and ini dis- 
tricts only sparsely inhabited. The expense of these changes 


Condensed from an address at Reading, Pa., February 14, 1935, before 
the Anthracite—Lehigh Valley Section of THe American Society or 
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would have to be added directly to the fixed charges against 
the cost of construction. All sites capable of easy and eco- 
nomical development have already been used, and if it were not 
for the fact that high-tension transmisson has made it possible 
to develop power at a considerable distance from the power 
market, large hydro development, at the present time, would 
be practically at a standstill. 

As an added commentary on this situation it should be no- 
ticed that while 70 per cent of the total market for power is 
located east of the Mississippi, 72 per cent of the water-power 
resources are to the west of that river. 

An economic hydro development depends almost entirely 
upon its first cost and the continuity of the power that can be 
furnished by the river supplying the water. 


CONTINUITY OF STREAM FLOW IMPORTANT IN HYDRO POWER 


Not long ago it was usual to regard both hydro and steam- 
power developments as applicable to markets only in their 
near vicinity. Then the important consideration for water 
power was whether the minimum flow of stream would suffice 
to carry the expected load, and the plant was developed at or 
near this capacity. Two results followed: (1) A waste of 
water over the dam whenever the stream flow exceeded this 
capacity, and, (2) a shortage of power as the load grew with 
industrial development, which necessitated either an auxiliary 
steam plant or reservoir storage if continuous or firm power, 
and sometimes both, were required. 

Looked at from another angle, the cost of constructing the 
hydroelectric plant itself generally represents only a portion 
of the total expenditure necessary to furnish firm or steady 
power to the consumer. As a practical example, the York 
Haven development on the Susquehanna River operates as a 
stream-flow plant, and during dry seasons it develops only 
4000 kw of the complete 20,000 kw installed. In order to 
make this 20,000 kw available for use whenever and-as the 
consumer needs it, it would be necessary to build an additional 
16,000-kw steam plant or a storage reservoir, and the cost of 
the addition would have to be included against the hydro 
development. A transmission line is also necessary to market 
the power. 

In fact, the outstanding characteristic of a hydro develop- 
ment having limited storage or none at all is the enormous 
disparity between minimum and maximum flow and also be- 
tween average and maximum. The peak load of a utility 
plant comes on each day at certain well-defined hours, and the 
daily load curve of any utility is quite definite throughout each 
day without radical changes from season to season of the year. 
But, while the flow of a stream does not change quickly from 
hour to hour, it is subject to tremendous variations with the 
seasons, and with no relation whatever to the load curve of 
any public utility. 

On the other hand, in the case of steam, the supply up to the 
peak demand capacity of the plant is always available for 
carrying the demand whenever it is called for. 
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EFFICIENCY OF HYDRO PLANTS PRACTICALLY AT A MAXIMUM 


The use of water in the wheels of a hydro plant is within 
fixed limits of efficiency that vary with head and load. Refine- 
ments of design can only alter the overall efficiency of a hydro 
plant in a very small degree; they cannot alter the head nor 
the stream flow. About the only recent development that 
enables changes of head to be compensated for to any extent 
is the Kaplan adjustable-propeller type of turbine which has 
recently come into use. 

The efficiencies of hydro developments have now apparently 
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FIG. 1 REDUCTION IN HEAT CONSUMPTION IN POWER GENERATION, 


1900-1929 


reached a point beyond which any large future improvement 
is at least doubtful. At the most efficient point modern wheels 
obtain an efficiency of 94 per cent and the generators 97 per 
cent, while a fair average for wheel efficiency is 85 per cent 
and for the generator 93 per cent. 

It is but natural that during the years of growth in the hydro- 
electric field, the sites most accessible to the market and capable 
of development with least expense should be utilized first, 
with the result that the cost of development, including trans- 
mission to the market, is continually increasing. 

Even in the case of an existing transmission network to 
which it is proposed to add a new hydro or steam project, 
this network has already cost money, the fixed charges on 
which should be included in the total cost of power from new 
sources as well as old. 

In other words, we have now reached a point where the 
efficiency of conversion and transmission of water power is 
advancing very slowly, if at all, and where the cost of utilizing 
it will continue to increase. 


PROGRESS STILL BEING MADE IN EFFICIENCY OF STEAM 
PLANTS 


In the meantime great advances have been made in the prac- 
tical use of the economic possibilities of the steam cycle, espe- 
cially in plants of the largest size. Reduction in heat consump- 
tion and improvement in efficiency in power generation from 
1900 to 1929 are shown in Figs. 1 and 2. 

With the steam plant the operating cost per kilowatthour 
generated depends primarily upon the grade and the price of 
the fuel and also upon the average output of each generating 
unit, that is, upon the load factor at which each machine 
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operates. Fuel cost is the chief variable; the other operating 
costs of labor, supplies, and maintenance are, for purposes of 
comparison, practically determined by the size and design of 
the plant and can be treated as a fixed amount per year more 
or less independent of the kilowatthours generated. The fuel 
rate per kilowatthour has been cut down tremendously during 
the past fifteen years as shown in Fig.3. In 1919 the average 
fuel rate for all the public-utility steam plants in the United 
States was 3.2 lb of coal per kwhr. By 1924 this had been 
cut to 2.2 lb, and by 1929 to 1.69 lb. In 1933 it was estimated 
to have been 1.48 lb for the country as a whole, covering all 
types and sizes of steam stations, old and new. Assuming 
that the average coal burned in public-utility stations through- 
out the country has a heat value of 13,000 Btu per lb, the heat 
rate for 1919 per kwhr would be 41,600 Bru, and for 1933 it 
would be 19,250 Btu. 

These figures are, of course, only averages for the whole 
country and do not show the maximum advances made at the 
most highly developed steam plants. There are now many 
plants with coal rates below 16,000 Btu per kwhr year in and 
year out. A low rate of slightly less than 12,000 Btu was 
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FIG. 2 IMPROVEMENT IN EFFICIENCIES IN POWER GENERATION, 


1900-1929 


obtained by the Gilbert plant at Holland, N. J., in 1930 and 
also in a steam plant at Deepwater, N. J. 

This progress from 1919 to 1933 in the case of the Pennsyl- 
vania-New Jersey group of utilities is shown in Table 1. 


TABLE 1 PROGRESS IN STEAM-POWER-PLANT ECONOMY, 
1919-1933 
Throttle Overall 
pressure, Coal, lb thermal 
lb per Btu per = pernet efficiency, 
Plant sq in. Year metkwhr kwhr percent 
West Reading 190 1919 29,510 2.16 11.54 
West Reading 250 1924 19,380 1.39 16.41 
Middletown 325 1925 15,711 1.138 21.72 
Gilbert 1250 1933 11,960 0.864 28.55 


New developments are rapidly coming to the fore that will 
continue to reduce the cost of steam generation. Foremost 
among these should be mentioned the use of higher superheats 
and pressures, and the use of mercury-vapor turbines. Both 
have been experimented with and are gradually coming into 
use. The limits to which steam temperatures can be raised is 
mostly a metallurgical problem at the present moment and is 




















NG 


ing 
s of 
1 of 
lore 
fuel 
‘ing 
rage 
ited 
een 
ated 
r all 
ing 
igh- 
heat 
3 it 


hole 

the 
lany 
and 
was 





1930 


ION, 


and 


isy|- 


MY, 


all 
nal 
ney, 
ent 
54 

4] 
72 
55 


will 
most 
eats 
Both 
into 
ed is 
nd is 











Jury, 1935 


gradually being solved. Mercury turbines in operation have 
shown coal production costs as low as 0.65 lb or 8500 Bru for 
regular operation year in and year out. The highest thermal 
efficiency reached in the modern steam plants is below 35 
per cent, which leaves a tremendous amount of leeway for 
future development. 


CONSTRUCTION COSTS COMPARED 


The construction cost of steam plants is also coming down 
rapidly. Ten years ago the most efficient plants cost anywhere 
from $140 to $180 per kw, while today an economical steam 
plant of large capacity and with high pressures can be built 
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FIG. 3 CENTRAL-STATION OUTPUT FROM FUEL AND WATER POWER, 
AND EFFICIENCY OF THERMAL PLANTS 


for under $100 per kw, and those using pressures around 300 lb 
can be produced for $80 per kw, with the increment costs of 
additions to the plant down as low as $60. 

The location and construction cost of a hydro plant is fixed 
by the peculiar characteristics of the power site. Under 
existing conditions this is generally distant from the market 
and, if so, it will require a high-tension transmission line with 
step-down substations at the various power markets. Each 
project will vary as to the possibility, and the cost, of water 
storage and the amount of steam auxiliary required to sup- 
ply the market demand when called for in season or out of 
season. 

Without storage the amount of power available depends en- 
tirely upon the seasonal rainfall and may vary to 70 to 80 per 
cent below the installed capacity. 

The total investment includes the cost of water rights, land 
tights, dams, head and tail races, storage development, and 
removal of existing property on the land that is to be over- 
flowed, also auxiliary steam reserve and transmission necessary 
for marketing. These items are different for every power site 
and condition. The aggregate cost of all these items must be 
paid whether the hydro plant is to contain one or a dozen or 
more generating units. 
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OPERATING COSTS COMPARED 


Although its actual operating cost from day to day is rela- 
tively very small, the fixed charges upon an investment neces- 
sarily heavy from the very start constitute the real operating 
expenses of a hydro plant. Once established, they are, for a 
plant of given size, thereafter independent of either stream 
flow or of any mitigating circumstances other than amortiza- 
tion from earnings. 

A steam plant can be put at any location to which fuel can 
be transported. A condensing steam plant, which is required 
for a minimum fuel consumption, can be located wherever 
there is a suitable supply of condensing water. The cost of 
steam-power production is easily predictable for any given 
set of conditions of fuel cost and load factor almost irrespective 
of location. Therefore the plant can be placed near the centers 
of load, saving in most cases the cost of transmission. All the 
capacity of a steam plant can be utilized at will up to the full 
capacity installed, at any time the load demand may call for 
it, regardless of time of day or season of the year. It needs 
no outside help and generally the total investment is covered 
by the cost of the plant alone, although sometimes a small 
transmission expense is necessary. 

One important consideration in comparing the construction 
of hydro and steam plants is that a steam plant can be built 
successfully under increment conditions, or really on the in- 
stalment plan. If the load growth were such as to require 
100,000 kw increase in capacity during a five-year period of 
time, this need not all be installed at one time. Each unit 
would be put in operation as the growth demanded it and not 
before, and the total investment spread over the full period, 
with a very great reduction in fixed charges for the full five 
years. On the other hand, probably 75 to 80 per cent of the 
total expenditure in a hydro plant goes into permanent works 
which must be built at one time irrespective of the number of 
units installed, and, faced with this condition, engineers often 
find that the installation of the machinery necessary for the 
full development will pay as the surplus power developed, 
having little fixed charge against it, can be produced at less 
than the coal cost on some of the lesser steam plants. In 
other words, with the hydro plant, fixed charges for the com- 
plete plant will have to be paid from the date of the first in- 
stallation. 

This method of construction of a steam plant eases the 
difficulties of financing, as only a small amount of money is 
required at a time, and materially reduces the fixed charges 
against generation. 


FIXED CHARGES COMPARED 


By fixed charges on any project is ordinarily meant the sum 
of interest, taxes, insurance, and depreciation, all of which 
depend directly upon investment cost. Certain operating 
expenses, such as superintendence, labor, supplies, and main- 
tenance, which vary more with the capacity of the plant than 
with its output, can also be rated as fixed charges and reckoned 
along with the financial charges just mentioned. The entire 
cost of hydro operation is really a fixed charge. 

Authorities differ on the rate for financial fixed charges. It 
is usual to charge from 6 to 7 per cent for the money, 2 per 
cent for taxes at present, and '/2 per cent for insurance. This 
applies to both hydro and steam plants. The depreciation 
varies considerably. With a hydro plant there is little de- 
preciation on the permanent works, and generally 1 to 1'/» 
per cent over the whole investment is sufficient. With the 
steam plant a majority of the money is spent for machinery 
and depreciation is 4 to 5 per cent. 

In either a steam or hydro plant, the operating expenses 








include a practically fixed annual sum determined by the kilo- 
watt capacity of the plant. In the case of a steam plant they 
also include an amount of fuel directly dependent upon the 
quantity of energy generated per year. This fuel item is 
governed by the load factor which determines the proportion 
of time that the generating equipment is utilized and this is 
of particular importance in the case of steam power because 
the plant load factor, or capacity use factor, directly affects 
the rate of fuel consumption and the fuel increment cost of 
producing kilowatt hours in varying quantities. 


SUMMARY 
Summarizing briefly the foregoing it will be found that: 


(1) A hydro plant has a variable power supply unless 
expensive storage or auxiliary steam plant is included. 

(2) It has practically attained maximum efficiency in 
design. 

(3) The cost of construction is continually increasing. 

(4) The location of the plant is fixed by the site and under 
existing conditions it is generally a long way from the market, 
requiring added transmission costs. 

(5) The initial cost of construction is largely for permanent 
works and consequently increment construction generally does 
not pay. 


MECHANICAL ENGINEERING 


(6) Practically all charges against generation are definitely 
fixed. 

(7) A steam plant may be located almost anywhere, and, 
consequently, is close to the market, requiring little, if any, 
transmission expense. 

(8) The cost of generation with steam is being continually 
reduced and has not by any means reached its minimum. 

(9) The cost of construction of the steam plant is being con- 
tinually reduced. 

(10) The full capacity of the plant is available at any time 
when and as the consumer needs it. 

(11) The steam plant can be built on an increment basis, 
saving much in fixed charges and difficulty of financing. As 
the cost of investment per kilowatt does not change much with 
change of location, the capacity required can also be divided, 
if advisable, and placed at the best location. 


In reading this summary it will be seen how difficult it is to 
compare these developments. No two hydros producing the 
same amount of current can be built for the same costs, and gen- 
erally the variation in cost is extreme. The distance from the 
market, the question of storage, the question of foundation, 
the size of the dam, the rainfall, the run-off, and the head, 
all affect the cost. It would seem also that the conditions are 
generally adverse to the hydro development. 


POWER HOUSE AND INTAKE TUNNELS, SALUDA (s. c.) POWER PLANT 


(In hydroelectric plants a majority of the construction consists of permanent works, and the addition of generating equipment 
is a small factor in total cost.) 
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TURBULENCE PROBLEM 


By TH. VON KARMAN 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


HE application of rational hydrodynamics to technical 
problems is handicapped by the fact that in most cases 
the apparently steady motion of fluids is only steady in 

so far as the temporal mean values of the velocities and the 
pressure are concerned; in reality velocities and pressure are 
subjected to irregular fluctuations. For such a type of motion 
the term ‘‘turbulent’’ is applied. In all such cases the velocity 
and pressure distribution, and especially the energy losses, are 
determined mainly by the turbulent fluctuation, so that for 
technical hydrodynamics a real theoretical foundation is pos- 
sible only on the basis of an understanding of the turbulent 
motion. 

In the development of our knowledge of technical hydrody- 
namics, three periods are clearly distinguishable: 

In the first period the discrepancy between streamline flow 
and the flow generally observed in conduits and rivers was 
realized; but in the lack of a rational basis for understanding 
turbulent flow, only some quite general conceptions of the 
theory—such as the energy and momentum laws—were used, 
and everything else determined by ad hoc experiments and em- 
pirical laws deduced from these experiments. 

The main purpose of the research in this period of empirical 
science is the evaluation of constants for equations, whose 
forms are given by some simple momentum or energy considera- 
tions. Of course, due to the complexity of the phenomena, 
most of these constants were valid only in certain rather narrow 
ranges. This period may be called one of ‘‘variable constants." 

When a little more than half a century ago Osborne Reynolds 
discovered the laws of the instability of streamline motion and 
the fundamental facts of turbulent flow, this situation changed 
so far that application of the principle of dimensional analysis 
facilitated the systematic evaluation of experiments and the 
transfer of data from one case to another. We learned how to 
compare experiments carried out on water, oil, and air, and the 
laws for extrapolation from model to full scale. In this second 
period the ‘‘variable constant’’ was replaced by a function, in 
most cases a function of a certain dimensionless parameter, 
whose magnitude gives the ratio between viscous and inertia 
forces. The choice of this parameter depends, of course, on the 
special problem; however, it is invariably of the same form 
connecting a characteristic velocity and a characteristic length 
with the kinematic viscosity of the fluid concerned. This 
parameter is often called the Reynolds number. 

In spite of the fact that the ideas of Reynolds are not yet 
spread out over the whole field of the technical applications, 
we are at the beginning of a third period, with even more ambi- 
tious aims. Dimensional analysis gives a frame in which to 
systematize the empirical facts, reduces the number of necessary 
tests, but does not say anything about the particular shape of 
the curves and functions which are replacing the variable coef- 
ficients of the first period. This obviously depends on the 
mechanism of the turbulent motion, and the chief ambition 
of the modern ‘‘turbulence research"’ is to find out as much as 
possible about the laws which actually govern the turbulent 
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motion, possibly so much that velocity and pressure distribu- 
tion, energy transfer, and energy loss can be computed without 
any or with a minimum of empirical elements, as is possible in 
the case of perfect fluids or in the case of the streamline (lami- 
nar) motion of viscous fluids. 

Certainly we are just at the beginning of this development, 
and it is hard to see whether one or two or more generations of 
scientists and engineers will have to work on the problem until 
a definite success is attained. However, it seems to me to be 
worth while to review the extent of our present knowledge, 
and especially to review the practical problems connected with 
this research which may be enlightened by new knowledge in 
this field. 

Fluid motion can be analyzed from two different points of 
view: The so-called Eulerian method considers pressure and 
velocity at a given point, and the Lagrangian method describes 
the fate of an individual fluid particle. From the viewpoint 
of the Eulerian method, turbulent flow is described by the 
fluctuations of velocity and pressure at fixed points. The first 
characteristic feature of these fluctuations is their irregularity, 
i.e., the absence of any definite frequency, while the presence of 
definite frequencies is, for instance, characteristic of a wave 
motion. Resonance instruments responding to a certain fre- 
quency, while sensitive to much smaller regular velocity fluctua- 
tions than those occurring in a turbulent stream, fail to show 
any response. However, there is, in general, a statistical cor- 
relation between the components of the velocity fluctuation, 
e.g., between the fluctuations in the direction of the main flow 
and the components perpendicular to this direction, or between 
the fluctuations in the magnitude and in the direction of the 
velocity vector. It is easy to see that without such a correla- 
tion no tangential force (shearing stress) could be transmitted 
through a plane which is parallel to the direction of the main 
flow except by laminar friction. Consider the x-y plane and 
assume that the main flow is in the x-direction. If at a certain 
point and at a certain moment the velocity has a positive com- 
ponent w’ in the z-direction, a fluid particle leaves the region 
below the x-y plane; every such particle with the mass m 
having a velocity U + u’ (U being the main velocity, and w’ 
the velocity fluctuation in the x-direction) represents a momen- 
tum in the x-direction equal to m (U + 4’). 

The momentum corresponding to the particles passing 
through the x-y plane in unit time obviously gives the reaction 
of these particles on the portion of the fluid below the x-y 
planes; every particle leaving the region with a negative ve- 
locity contributes a force in the positive direction. Inversely, 
particles entering through the x-y plane, i.¢e., having negative 
w’ components, represent a contribution to the force acting on 
the fluid below the x-y plane with the same sign as the # velocity 
of the particles concerned. The combinations (+w’) and 
(—u’), (—w’) and (+4’) represent contributions to a positive 
shearing force; the contribution of the main velocity U drops 
out since, due to the continuity, the total mass of the particles 
passing in both directions must be equal. Consider the force 
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acting on a unit area of the x-y plane. The mass of the fluid 
passing through a unit cross-section in unit time is pw’. Due 
to the aforementioned relation between w’ and w’, during the 
period between the time ¢ = 0 and ¢ = T, the average ‘‘momen- 
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tum transfer’’ per unit time will be 7 (—pu'w' dt or —pu'w’ 
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FIG. 1 TURBULENT EXCHANGE OF MOMENTUM 
tial force per unit area, i.e., the “shearing stress’’ r,,. We 
call this quantity the ‘‘apparent or turbulent friction."’ It 
appears fully justified to call this quantity a stress or a friction, 
because the viscous or laminar friction has a quite similar origin. 
It represents the momentum transferred by the molecules which 
are agitated by the thermal unrest. Thus, in the case of paral- 
lel mean motion, the total amount of the internal “‘friction,"’ 
due to viscosity and turbulence, will be (neglecting variations 
of the density p) 
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where the first terms indicate the laminar friction and the second 
the turbulent friction. In order to calculate the laminar fric- 
tion, it is sufficient to take into account the slope of the mean 
velocity U because the contribution of the fluctuations is in 
mean value equal to zero. 

It will be noticed that 

(a) The turbulent friction is different from zero only if 
there is a correlation between the perpendicular velocity com- 
ponents. If there is no correlation, i.c., if the fluctuations are 


completely independent, the #’w’ is zero. 

b) Atasolid wall the turbulent friction is zero because the 
velocity components vanish. It is found experimentally that 
in the immediate neighborhood of a wall streamline motion 
is likely toexist. This region is called ‘‘the laminar sublayer.”’ 

(c) In general, from the experimental facts for high Reyn- 
olds’ numbers, except in this laminar sublayer, u v7 is small 
~ 
in comparison with r,, and consequently with pu’w’; so that 
we may neglect the laminar friction and put 





T., = — pw’ 

Furthermore, it is easy to conclude from the foregoing reason- 
ing that if the density or the temperature, or the concentration, 
of certain foreign material in the fluid (solution, suspension, 
etc.) is subjected to fluctuations, the transfer of mass, of heat, 
or of the concentration can be expressed analogously to the 
transfer of momentum. For instance, if 6’ denotes the fluctua- 


MECHANICAL ENGINEERING 


tion of the temperature, and c is the specific heat of the fluid, 
—c6’w’ represents the flow of heat per unit area of the x-y 
plane. Similarly, —p’w’ represents the mass transfer (’ is the 
density fluctuation), and —n’w’ the number of particles trans- 
ferred through the same cross-section, provided that is the 
number of particles carried per unit volume and n’ is the fluctua- 
tion of n. 

It is concluded that intensive turbulence must cause an in- 
crease of all transfer phenomena, such as heat conduction, dif- 
fusion, and sediment transportation. 

Looking at the same phenomenon from the Lagrangian view- 
point, a continuous intermingling or mixing of particles is ob- 
served instead of the velocity fluctuations at a certain point. 
Prof. C. M. Allen! recently compared the fluid in turbulent 
flow with a flock of sheep. This comparison is illustrative, but 
the simple fact of intermingling does not explain the main fea- 
ture of the turbulent flow, namely, the turbulent interchange of 
quantities already mentioned, such as momentum and heat. 
We have to assume that, due to the intermingling, a particle 
loses its excess of velocity or temperature after covering a cer- 
tain distance, i.¢., it accommodates itself to the new surround- 
ings. Otherwise no transfer of momentum or heat would be 
possible. This leads to the assumption of a certain path of con- 
vection or ‘‘mixing length"’ as it is called by Dr. L. Prandtl, 
who transferred the concept of the “‘mean free path’’ of the 
molecular theory into the theory of turbulence. This concept 
allows a new and different formulation of the expression for the 
turbulent shearing stress or friction. Combining the two view- 
points, it is apparent that at a certain point particles coming 
from regions of lower mean velocity will be registered mostly 
as contributing negative amounts to the velocity component in 
the x-direction, while particles coming from regions where the 
mean velocity U is higher will produce a positive amount of the 
uw’ fluctuation. Thus’ we see the physical origin of the correla- 
tion; and introducing the conception of the mixing length /, 
defined as the average distance perpendicular to the main flow, 
covered by the mixing particle, it appears to be justifiable to 
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put #’ proportional to / Fe’ te-9to the difference in mean velocity 
~ 
between the region where the particle started its wandering 
and the point where the fluctuations are registered. 
Hence 

Ta. ™ Bolw’|s 2 TercrTrrrLc eT ee et [4] 
dx 
where |w’| is the absolute average amount of the fluctuation 
perpendicular to the flow and @ is a numerical coefficient intro- 
duced as a measure for the correlation between the velocity 
components. To be sure, 8,|w’|, and J can, and in general will, 
vary from point to point. In a similar way, we can write the 
turbulent heat transfer 
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and the number of suspended particles transferred per unit area 
and time 
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Obviously it is subject to further discussion as to whether the 


quantities 8, |w’|, and / are the same in Equations [2], [3], and 
[4]. 


Equation [2] contains many unknown quantities: 8, |w’|, 


‘How Water Flows in a Pipe Line,’ by Charles M. Allen, Me- 
CHANICAL ENGINEERING, February, 1934, pp. 81-84. 
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and/. Prandtl suggested putting |w’| = / ps and absorbing 


az| 
the correlation coefficient 8B in /?. Thus we obtain 
_\dU| aU 5] 
Fig ee hao ass es nee es 
c \dz dz 


However, this is only a forma] simplification as we concen- 
trate all unknown elements into the mixing length /. It seems 
to the author that Equation [5] has a real physical sense only 
if the correlation is the same in all points of the fluid considered. 
In other words the mechanism of the turbulent friction can be 
fully characterized by a single length / only in case the flow 
pattern in the neighborhood of every point is similar, differing 
only in scale both as far as time and length are concerned. 
This is the hypothesis introduced by the author in his paper 


a ae 
< >. ‘ie are, Fee 


Random With 
Distribution Correlation 


FIG. 2 DIAGRAM OF VELOCITY FLUCTUATIONS 


on ‘“‘Mechanical Similarity and Turbulence,’’? published in 
1930, and which led him to the theoretical conclusions given 
in this paper. Most of the results of these calculations are in 
good agreement with the experimental facts. 

On the other hand, Equations [2] to [4] formulate the prob- 
lems which we have to face in order to obtain a complete 
theory of the turbulent flow. How /, |w’|, and 8 depend on 
curvature, divergence, and convergence of the flow, and on the 
distribution of density, is obviously a basic problem, which, 
investigated experimentally and theoretically, may give the 
possibility of a treatise of turbulent flow under any given 
conditions. The importance of these questions for many dif- 
ferent fields is obvious, ¢.g., hydraulics, aeronautics, meteorol- 
ogy, hydrology, and oceanography. At the present time we 
are at the beginning of this research, but valuable informa- 
tion is already available as far as some simple cases are con- 
cerned. In what follows, some of these applications are briefly 
reviewed. 

The pressure drop per unit length in a closed conduit is 
given by 

dp ] V? 
~ =h-p— 
dx m 


nN 


. ; : , 
where m = P is the hydraulic radius, A is the cross-section, P 


is the perimeter, and V the average velocity. Obviously the 
equation for the equilibrium between surface friction 7 and 
pressure drop can be written 





d 
nP=—2 4 
which results in 
%7% = Ap “ SCC OME HEC HS OO ROWS [5a] 





2 Proceedings of the Third International Congress of Applied Me- 
chanics, Stockholm, 1930. 
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Hence \ has the meaning of a ‘‘friction coefficient’’ referred to 
the mean velocity V. We sometimes introduce a friction co- 
efficient \’ referred to the maximum velocity Vmax, putting r = 
d’ pVmax/2. 

and X’ are functions of the Reynolds number R = Vm/v 
as far as pipes with similar cross-sections are concerned. Some- 
times they are assumed to be independent of the shape of the 
cross-section. This is not exactly true, but the influence of 
the shape is not very significant. 

A vast number of empirical formulas have been suggested for 
the relation —Avs R. Theaim ofa rational turbulent theory 
is to establish a theoretically correct, or at least justified, form 
of this relation. 

Dealing at first with smooth-walled pipes, we divide the flow 
into three regions: 

(4) In the immediate neighborhood of the walls, laminar 
flow is assumed and the shearing stress is equal to w times the 
perpendicular slope of the velocity (laminar sublayer). 

(6) Outside of this laminar sublayer turbulent flow is 
assumed over the whole cross-section, and the laminar friction 
is neglected. 

Let us consider a pipe with circular cross-section or with rec- 
tangular cross-section of large aspect ratio (flow between two 
parallel walls). In this case no secondary motion occurs and 
the conditions are rather simple. Using the basic assumptions 
on turbulent flow already presented, we obtain two results 
verified by the experiments: :; 

(1) The velocity distribution in the center section of a tube 
is given by a universal relation 


Umax —— 4 . \ 
——— = f (n/n). peice ae 
V(10/p) Ia") 


where w#max is the velocity in the center, 7 the distance from 
the center, r the radius of the cross-section (half distance be- 
tween the plates, respectively), and f(/r) is a given function for 
all pipes with circular cross-section and a slightly different 
function in the two-dimensional case. 

(2) The velocity distribution near the wall is given by a 
second universal relation (y = distance from the wall) 


u yV(10/p) - 
t= (we 
V (10/p) v 


The quantity v/y has the dimension of a velocity,. thus the 
quantity y»/(70/p)/v is a dimensionless ratio. We find that the 
thickness 6, of the laminar sublayer is proportional v/V/(10/p); 
hence yV/(70/p)/v is proportional to the ratio between the 
distance y from the wall and the thickness of the laminar sub- 
layer 6;. 

Equation [6] is independent of the viscosity (or Reynolds’ 
number), while in Equation [7] the viscosity explicitly occurs. 
This is easily understood, realizing that in the center of the 
pipe the viscous forces are negligible in comparison with the 
turbulent friction; therefore, the development starting from 
the center is independent of the viscosity. The development 
starting from the wall can be written in the form 


Sis ie an 
V(10/p) . 5, 
and so it contains the viscosity coefficient, because the thick- 
ness of the laminar sublayer obviously depends on it. 
Vv Go/ ») (2 
ey org (= 
v 6, 


velocity distribution’’ due to the wall friction. The first 
empirical theory of the turbulent flow, especially of the turbu- 


We call the function g the ‘‘universal 
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lent boundary layer, advanced by Prandtl and the present author 

more than 10 years ago, substituted for this function a certain 

Iv (ro/ 0) \" 
Vv 

nent m being determined experimentally. The present author has 

shown that, assuming similarity or constant correlation of the 

turbulent flow pattern, the function g takes the form 


power of the argument ——~ =C ( , the expo- 
V (70/0) 


it _ 
IV (10/ 2) 


/ ry 
ge J] oe A+ Bhs (r/o 
v 


where A and B are numerical constants. The logarithmic 


, ‘ |\dU| dU 
term can be obtained from the equation r = p/? |—| —, put- 
dy| ay 

ting / = xy, i.¢., letting the mixing length be proportional to the 
distance from the wall, and substituting for the varible r in 
the first approximation its limiting value 7. The constant « 
appears in the theory as a universal constant; thus we write 

“ 1 yV(10/p) 
——~ = A+ - log ——— 
V \T0/ PD K 


Using Equations [6] and [8] and the definition of d given 
by [5a] we obtain the following relation between the friction 
coefficient \ and the Reynolds number R 


|? 


ip 1 
¥ = const + - log (RVA).. 
r K 


This relation was given for the first time in the aforementioned 
paper and adopted later by Dr. Prandtl and Nikuradse. It is in 
fair agreement with the experiments in a wide range of Reyn- 
olds’ number. A disadvantage of the formula is that it 
cannot be resolved for A; thus a chart might be preferable. 

The values of the numerical constants which best fit the 
experiments are 


4 yV (10/0) 
——~ = 5.25 + 5.8 logwo (2 ve) 
Vv \7T0/ Pp v 

| 


}2 ‘ 
V5 = — 1.16+ 5.8 log (RVA) 


or in a more convenient form 0.007 
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in comparison with the thickness of the laminar sublayer. 
There is no adequate theory for the case where both quantities 
are of the same order. If the height differences at the surface 
are large compared with the thickness of the laminar sublayer, 
we obtain by reasoning similar to that already applied the fol- 
lowing results, confirmed by experience, at least in so far as arti- 
ficially roughened surfaces are concerned: 

(a) That the friction coefficient is a function only of the 
relative roughness, and independent of the Reynolds number 
(or of viscosity). 

(6) That the friction coefficient is connected with the rela- 
tive roughness ¢/r (e is the average linear dimension of the 
protruding part, r the half distance of the walls) 


2 ] 
\ = const + - log By 
r c ."«@ 


The experimentally obtained-value of the constant « is the 
same as in Equation [9]. This might be considered as proof 
that the reasoning leading to the different equations is correct. 

This last formula enables us in some cases to extrapolate 
from model to full scale, if we know that the absolute rough- 
ness of the surface is the same, as, for instance, in the case 
where the surface of the model and the full-scale object is 
finished in the same way. However, we should obtain more 
benefit from this result if an adequate “‘scale for roughness’’ 
could be established. A single roughness parameter probably 
will not be sufficient to determine the roughness. This and 
other questions concerning the subject are yet largely open for 
discussion. Also the results for artificial roughness and 
natural roughness are not quite consistent; and the theoretical 
form of the general relation giving \ as function of both the 
relative roughness and the Reynolds number is not yet known. 


FLOW OF A FREE STREAM ALONG A SURFACE (SKIN FRICTION ) 


The conclusions of the turbulence theory applied to this 
problem have been discussed by the present author in a paper 
published recently in the Journal of the Aeronautical Sciences.* 
The relation obtained between the friction coefficient C, (de- 


$ “Turbulence and Skin Friction,"’ by Th. von Karman, Journal of 
the Aeronautical Sciences, vol. 1, no. 1, January, 1934. 
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(P-andt/-Blasivs 1904) 
FLOW IN ROUGH CONDUITS — 





The influence of roughness 











is too complicated to be dis- 
cussed in detail here. It 
seems that its influence is neg- 
ligible, as long as the height 
of the protuberances is small 
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SKIN FRICTION OF SMOOTH PLATES COMPARED WITH THE THEORY 
(Curve marked ‘‘Theory of Turbulent Boundary Layer’’ corresponding to Equation [13/ 
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fined as G = , where F is the total friction, and A 


F 
ApU*/2 
the wetted area) and the Reynolds number of a plate R = Ul/» 
(J is the length of the plate from the leading to the trailing edge 
and U the velocity of the free stream) is given by the formula 


2 1 
Ve = const + - log (RG)........... [12] 
CG K 


with adequate coefficients (determined by E. Schoenherr) as 
follows: 


0.242 


vty 


= log. (RG) Teer Tee ° [13] 


The agreement of this formula with experiment is shown in 
Fig. 3. 

It may be of some interest to know how this formula or the 
corresponding chart is used at the Guggenheim Aeronautics 
Laboratory of the California Institute of Technology in Pasa- 
dena for the high-speed prediction of modern airplanes. If 
power available and wing area are given, the top speed of air- 
planes depends chiefly on the coefficient of the parasite drag. 
We assume that one part of this drag is contributed by pure 
skin friction, another part is due to the form resistance of pro- 
truding parts and to wake formation at the fuselage. After 
measuring the coefficient of the parasite drag at the maximum 
Reynolds number available in the wind-tunnel tests, we draw 
two Curves: 

a) One corresponding to the assumption that the whole drag 
obeys the skin-friction law, i.e., the drag coefficient Cp, de- 
creases with increasing Reynolds’ number as C, decreases 
with R according to Equation [13]. 

6) Another curve corresponding to the assumption that 
only the drag of the wing follows the skin-friction law, all addi- 
tional drag is independent of viscosity (or of Reynolds’ num- 
ber ). 

Obviously, assumption (4) is too optimistic; assumption (4) 
is too conservative for the extrapolation to full scale. In order 
to obtain the probable correct answer, we extend these com- 
puted curves to lower Reynolds’ number and measure the same 
drag coefficient at different values of Reynolds’ number, varying 
the velocity in the wind tunnel between the available limits. 
The location of the experimental points between the two curves 

a) and (4) allows us to estimate the fraction of the drag follow- 
ing the skin-friction law and that independent of viscosity. In 
this way, eventually, after making some allowance for protuber- 
ances such as rivet heads, not represented in the model, we ob- 
tain a very close estimate for the speed of the full-scale ship. 


EFFECT OF TURBULENT FRICTION ON DISSIPATION OF VELOCITY 
DIFFERENCES 


In several practical cases there is a definite initial velocity 
difference between the fluid masses, and it is a question how 
the process of the dissipation of this velocity difference is af- 
fected by the turbulent friction. A few examples worth men- 
tioning are: The dispersion of a fluid jet in an indefinitely ex- 
tended fluid mass, the dissipation of the wake behind a body 
moving through a fluid, and the flow in a pipe with sudden 
change of cross-section. Some of these problems have been 
attacked theoretically by Prandtl, Tollmien, and others; 
Prandtl uses the term “‘free turbulence’’ for this sort of problem. 
In the theoretical calculations, an average constant value of 
the mixing length is assumed over every cross-section, i.c., 
over the region in which the velocity transition takes place, 
the mixing length being variable in the direction of the main 
flow. These calculations are, in general, in fair accordance 
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with the experimental facts, or more exactly, they can be made 
to fit the observations by introducing a few empirical numerical 
factors. Perhaps the most significant result of these investiga- 
tions is the relatively high value obtained for the magnitude 
of the turbulent friction between fluid and fluid, compared with 
the friction along a solid surface. Consider, for instance, the 
simple case of two fluid masses, one having the velocity U in 
the x-direction, and the other being initially in rest. (Fig. 5.) 
The apparent shearing stress, acting between the two fluid masses 
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FIG. 4 EXTRAPOLATION OF PARASITE-DRAG COEFFICIENT FROM 
WIND-TUNNEL RESULTS TO FULL-SCALE REYNOLDS’ NUMBER 
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FIG. 5} MIXING OF TWO FLUID MASSES 


in the center of the mixing region, is found to be constant in the 


pU? 





x-direction and has the magnitude ~0.022 Let us com- 


pare this value with the magnitude of the skin friction along a 
solid wall. To be sure, in the latter case the friction is theoreti- 
cally infinite at the leading edge, but its value drops so rapidly 
that, as an example, assuming water as fluid and U equal to 1 
meter per sec, at a distance of only 1 cm from the leading edge, 


J2 


pU 





the local friction amounts to only 0.006 and in most prac- 


tical cases the value of the mean skin-friction coefficient is be- 
tween 0.002 and 0.004. Thus the friction between fluid and 
fluid is rather large due to the intensive turbulent fluctuations 
in the case of ‘‘free turbulence.’ I believe that these recent 
theoretical researches deserve the interest of the hydraulic en- 
gineers. 


PROBLEM OF HEAT TRANSFER 


The problem of heat transfer between a solid and a fluid in 
turbulent motion has been the subject of a number of papers 
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and discussions published in the last few years in technical 
magazines in this country and abroad. Practically all authors 
agree that two main parameters enter into the problem: The 
Reynolds number R and a parameter composed of the physical 
constants of the fluid ¢ = »C,/k where » is the kinematic vis- 
cosity, C, the specific heat of the unit volume, and k the coef- 
ficient of molecular heat conduction. Denoting the heat trans- 
ferred per unit area in unit time by g, the mean velocity by V, 
and the temperature difference between the wall and the center 


of the pipe by 6, the dimensionless quantity will bea 


q 
C,Ve 
function of the two parameters R and o only. There are two 
different suggestions for the computation of g; Nusselt in Ger- 
many and Boelter and Dittus in this country proposed empirical 
equations based on dimensional analysis and putting the heat- 
transfer coefficient proportional to certain powers of R and o, 
where the exponents are determined empirically. Some of the 
authors prefer the so-called Prandtl-Taylor formula which is 
based on the assumption that the heat is transferred by mere 
molecular conduction through the laminar sublayer (called 
““film"’ in literature on chemistry) and by pure turbulent con- 
vection outside of this layer. Prandtl calculated the ‘“‘thick- 
ness"’ of the laminar layer from a '/7-power formula for the 
velocity distribution and obtained 


 —— 0.0396R —' ‘ 


CVe  1+1.74R-""(e 


— ae [14] 
i J 
In the range of R considered, the friction coefficient of the 


792 
pipe is approximately equal to \ = er so that for ¢ = 1, 

q r : a i ‘ 
_ =-. This result is in good agreement with the mea- 
C,ve 2 
surement. However, the Prandtl formula checks the experi- 
ments only for values of which are not very different from 
unity. In the case of gases k has the same order of magni- 
tude as vC,, but in the case of liquids (water, oil) a very large 
range for «(3 < o < 80) has to be considered. It seems that 
in the case of large values of ¢, i.e., if the molecular heat con- 
duction is very small compared with the molecular momentum 
transfer, the simple division between film and turbulent region 
is not allowable, but instead a transition region has to be taken 
into account in which laminar friction and turbulent friction 
are of the same order. 

Using our new knowledge about the velocity distribution, 
I have obtained the formula 


1 
aA ‘. 


Menrereetionre ... (15) 
1+ 4/- l 
oO 


where f (¢ — 1) = S[o —1 + log ,j1+ 0.83 @—1)} 
It seems that this formula checks the experiments much better 
than the Prandtl equation. 


PROBLEM OF SEDIMENT 


The problem of the distribution of transported sediment 
through the cross-section of a river or a channel is obviously 
connected with the problem of turbulent motion. Prof. M. P. 
O'Bryan, in a recent paper, gave the basic equation for the 
statistical equilibrium of the sediment. This equation is 
somewhat further developed in the following lines. Let us 
consider the fraction of sediment corresponding to a certain 
size or having a certain rate of fallw. If the number of particles 
of this definite size in unit space is m, the number falling through 
unit area of the horizontal x-y plane will be mw. On the other 
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hand the transfer in the vertical direction from the region of 
higher concentration to a region of lower concentration will 


dn 
afi g'| —, 
be —/| u lz 


Therefore the condition of statistical equi- 
librium is 


an 


Now denoting the local shearing stress by 7, and the local mean 
velocity of flow by u we have the relation 
r| du 


= pl| w iz 


Introducing this expression in Equation [16a], we obtain 
du 
e*;. 
dn dz 
acne -_— dz 


. 


n T 


* 


* du dz 
~< (07) 


0 dz tr 


n 
log — = pu 
n 


where m is the number of particles transported on the bottom. 


7 


For a broad channel or river r = 1 bong , where 7» is the 


friction at the bottom and d is the depth of the flow. Denot- 
ing z/d = ¢ and putting u = Vf(¢), where V is the mean ve- 
locity f(¢) the velocity-distribution function, we obtain 


log _- = acd) -at= bn Fo) 


n TO 0 ] § To 


Finally we put rm = pgda (a = hydraulic slope) 


cV/gda. Hence 
Ny Cu 


log - = —= 
n V eda 
cr 

is pete OA 
Vv gda 


n = Noe 

Computing F(¢) from measured velocity distributions n/m, 
i.e., the distribution of the different fractions of sediment can 
be calculated and compared with the experiments. It must be 
noticed that the equation does not tell anything about the 
total amount of the transportation, since m is left undeter- 
mined; the magnitude of m depends largely on the size of the 
sediment and on the magnitude of the shearing stress acting at 
the ground. 

On Aprit 27, at Montecelio, Signor Mussolini performed 
two inauguration ceremonies. The first was that of the new 
Italian experimental air station, said to be one of the most up 
to date in the world. The second was that of the town of 
Guidonia, which has been built on the site where General 
Guigoni was killed during parachute experiments some seven 
years ago.—The Engineer, May 3, 1935, p. 453. 
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FIG. 1 PHOTOMICROGRAPH OF PLASTIC-BRONZE SPECIMEN NO. 2468 
COMPRESSED, ETCHED WITH FERRIC CHLORIDE (100) 





FIG. 2 PHOTOMICROGRAPH OF PLASTIC-BRONZE SPECIMEN NO. 2468 
ETCHED WITH FERRIC CHLORIDE ( X 100) 


(Oil in Fig. 2 is indicated by presence of dark lines around the black spots, which are lead.) 


ARE METALS PERMEABLE BY OIL? 


Experiment Shows That Leaded Bronze and Babbitt Metal Absorb Oil 
By AUGUSTUS H. GILL 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


HIS question has been asked from time to time, and, in 

so far as the author is informed, no wholly satisfactory 

answer has been returned. The probability is that 

bronzes and babbitt metals do absorb oils.'. The nearest ap- 

proach to an answer is given by Woodbury? who says, in de- 
scribing the Ordway-Woodbury machine: 


After cleaning with gasoline and wiping carefully with wash leather, 
the disks—one of hard bronze, the other of hardened steel—are oiled 
and run for about five hours, being kept cool by a stream of water circu- 
lating through the upper disk. From time to time they are taken apart, 
cleaned, and oiled again. After using any oil, even if the disks are 
afterward cleaned, the results with the oil subsequently used give the 
characteristics of the previous oil, and it is only after 35 to 45 miles 
of attrition that these results become consistent with each other; each 
succeeding result, meantime, approaching the final series. This seems 
to indicate that friction exists at the surface of the two disks, between 
the film of oil acting as a washer and the globules of oil partially em- 
bedded within the pores of the metal. If the dense bronze and steel 
retain the oil despite attempts to remove it, how much longer must it 
require to replace the oil in machinery with a new variety whose merits 
are to be tested? These experiments confirm the wisdom of the increas- 
ing use of cast iron for journals, as its porosity enables it to contain and 
distribute the lubricant. 


A similar answer is given by Conradson*® who was testing 
pieces from a locomotive driving-journal brass that had been 


'C. G. Williams, Engineering, vol. 134, Nov. 11, 1932, p. 573. 
2 **Measurements of the Friction of Lubricating Oils,’’ b 
Woodbury, Trans. A.S.M.E., vol. 1, 1880, chapter 7, 
> Letter of June 5, 1932. 


y C.J. H. 
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long in service and given exceptional performance; its compo- 
sition was copper and tin with 12 per cent of lead. The pieces 
were being tested under compression, and to his “‘surprise oil 
began to come out in quantities as the pressure increased.”’ 
He further states: 


Some 30 years ago I was conducting comparative frictional tests on 
the large Galena oil-testing machine—test journal 9 in. long, 5 in. in 
diameter; speed 600 rpm; load approximately 600 lb per sq in.; oil 
bath; bearing, genuine babbitt metal (tin base) about 2 in. thick with 
two square cavities on top. 

After running a test for a few days, it was noticed that some of the 
oil had disappeared. As the running temperatures were far below the 
evaporation point of the oil, it was rather puzzling. 

On removing the bearing the two cavities on top were practically 
full of oil. After cementing or gluing the junctions between the bear- 
ing and the block on top, to prevent the possibility of any oil entering 
this way, the test was resumed. After a few days’ running under same 
conditions, the test bearing was removed and the two cavities were 
again nearly full of oil. 


Conradson* quotes further data supplied to him by James 
Duguid, now connected with the Standard Oil Company of 
New York, and refers to his experience as follows: 


The bearing which he used was hard bronze, machined all over, was 
3'/2 by 6 in., and was used for test purposes on a Riehle-type testing 
machine. The cooling water enters the bearing through a funnel at- 





‘ Discussion of paper entitled “‘Chemistry of Lubrication,”’ by W. F. 
Parish and Leon Cammen, presented at the A.S.M.E. Annual Meeting, 
New York, N. Y., Dec. § to 9, 1932. 
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tached to the bearing at inlet cooling hole, and after passing through 
the bearing flows out through a drain pipe attached to bearing at out- 
let hole. When making tests with this bearing it became quite appar- 
ent that in order to get uniform cooling efficiency, it was necessary to 
clean out cooling holes frequently. When cleaning out these cooling 
holes, he noticed that the cleaning swab used was heavily saturated 
with oil and suspected that there was a leakage from the bearing sur- 
face to these cooling holes due to some defect in the metal, such as 
porosity, etc. To make a test for leakage of cooling water to the bear- 
ing surface and therefore affecting test results, he subjected the cooling 
cavities to hydrostatic pressure of 60 lb per sq in., and under this pres- 
sure for one hour, he could not find the slightest evidence of moisture 
on any face of the bearing. Mr. Duguid concluded that the oil that 
entered the cooling holes in this bearing came from the rubbing surface 
where the oil film is under heavy pressure. The tests when the oil in 
the cooling holes became apparent were made at speeds of 1000 rpm and 
loads of 800 lb per sq in. on the projected area of the journal. 


Woodbury washed the old oil out of the bronze with the 
new, and Conradson and Duguid actually squeezed the oil out 
of babbitt and bronze under pressure, like juice from an apple. 

The author has obtained the oil by another process—actua] 
extraction of the bronze chips with solvents: 

Bronze. The bronze metal used was a piece of that tested 
by Dr. Conradson (No. 2468) and was in the form of a cylinder 
2 in. long by about 0.84 in. indiameter. This was turned down 
by successive chips 0.02 in., or later 0.03 in. thick, until it was 
about 0.26 in. in diameter. It had a greasy feel but left no 
trace of oil upon wiping, and was turned down with a dry tool 
of self-hardening steel. These chips amounting to 6 or 8 g 
each were extracted with ether in a Soxhlet extractor® for eight 
hours. The results are as given in Table 1. 

It will be noticed that the different cuts are remarkably uni- 
form regarding their oil content. No doubt the remaining 
quarter-inch cylinder would show the same result. The bronze 
contained 0.37 per cent oil by weight, and about ten times as 
much, 3.6 per cent, by volume. The oil was a dark-brown 
mineral oil; the ether left no residue on evaporation. To 
make sure that all the oil was removed, a second extraction of 
the chips was made with benzol for eight hours, and in some 


*In this device the chips are drenched and soaked in ether, going 
into a flask below whence the ether boiled off. condenses and drops into 
the extractor again, and so on at the rate of about five refillings per hour. 
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TABLE 1 


Per cent 
Cut Thickness, oil in Cut Thickness, 
no. in. bronze no. in. 
0.02 0.42 7 0.03 
0.01 0.37 8 0.03 
0.02 0.39 9 0.03 
0.02 0.38 0.03 
0.03 0.34 1] 0.03 
0.03 0.39 


Per cent 
oil in 
bronze 


0.39 
0.38 
0.32 
0.37 
0.38 


Average 0.377 


cases no additional] oil, or only the merest trace, was obtained. 
Benzol was used to dissolve any tarry matter that the oil may 
have contained or that may have been formed in use. 

The result confirms the aforementioned observation of Con- 
radson and would seem to leave no doubt but that bronze and 
probably babbitt metals absorb oil. 

The photomicrographs show the appearance of the bronze, 
the black areas being lead. It will be seen in Fig. 2 that some 
of the black areas are surrounded by a heavy black line which 
the metallographer believes is oil. 

Steel. There was sent at the same time as the bronze, a test 
piece of steel from a locomotive driving journal which had 
been long in use and also given unusually good service. It 
had been machined down when originally made and any slag, 
fissures, or scales of metal removed. Similar chips were taken 
from this on a shaper, extracted, and no oil whatsoever ob- 
tained, showing the impermeability of the steel. 

Chips from a cast-iron journal half an inch in diameter also 
showed no oil following a 24-hr extraction. 


CONCLUSIONS 


From these experiments it would seem that leaded bronze will 
absorb about 0.3 per cent of oil, and that it penetrates at least 
0.375 in. Mild steel did not absorb oil. According to Con- 
radson, who squeezed the oil out of babbitt metal, it also absorbs 
oil. 

The author is indebted to his colleagues Professor Williams, 
for the photographs. and Mr. Lawson for the machine work, 
to whom he wishes to express appreciation. 


PHOTOMICROGRAPHS OF PLASTIC BRONZE SPECIMENS ETCHED WITH NH,OH + #202 (100) 
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FIG. 1 WEAR ON }36-IN. BLOOMING-MILL PINIONS MADE OF 45- TO 50- 
POINT CARBON, WITH 3 PER CENT NICKEL 


(One of the earlier types of cast-tooth pinions, fully enclosed, installed about 
twenty years ago. The average life of gears in this housing, lubricated with 
the usual types of residuum gear shields, was approximately 400,000 tons. ) 





FIG. 2 36-IN. BLOOMING-MILL PINION OF SAME SPECIFICATIONS AS THOSE 
OF FIG. 1 AFTER ROLLING 400,000 TONS, LUBRICATED WITH A FIBROUS- 
STRUCTURE, EXTREME-PRESSURE, ASPHALTIC-BASE OIL 


Little wear will be noted as compared with that shown in Fig. 1. These 
Figs. 
| and 2 illustrate the need for special types of lubricants in the steel industry. ) 


gears are still in service and to date they have rolled 1,500,000 tons. 


UBRICATION in any industrial plant is of first impor- 
tance. In steel mills many difficult problems confront 
the operating forces, requiring a study of each piece of 

equipment and the best lubricant and method of application 
decided upon to secure long life of machinery and a low repair 
and maintenance cost. 

Much credit is due machinery designers and builders for pres- 
ent types of mills; but in many cases there is much to be done 
about the design for their proper lubrication. Reduction 
gears, pinion stands, and other geared units are still being built 
for two kinds of lubricants, one for the bearings and one for the 
gears. The use of two lubricants is a constant burden to the 
mechanical department in preventing contamination of one 
lubricant with another. 

There is need for greater use of special types of lubricants in 
steel mills, both for new and old equipment. Such lubricants 





Condensed from a paper contributed by the Iron and Steel Division 
and presented at the Annual Meeting, New York, N. Y., December 
3-7, 1934, of Toe American Socrety or MecHanicaL ENGINEERS. 
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STEEL-PLANT 
LUBRICATION 


By B. S. BURRELL 


INLAND STEEL COMPANY, INDIANA HARBOR, IND. 


have assisted in solving many lubrication problems, 
increasing the life of equipment, and decreasing main- 
tenance and repair costs. While some cost more per 
pound or gallon they have been less costly per ton of 
product shipped. 

Like most mills the Inland Steel Company has used 
various shields of the residuum type for open gears. 
These have been replaced to a large extent by shields 
manufactured from blends, processed to make them 
softer in relation to the melting point than the ordi- 
nary residuum shields, giving them spreading quali- 
ties which result in a better covering of the bearing 
surfaces of the teeth, and prolonging the service from 
a given application. 

For enclosed gears, where lubricants are required to 
absorb shocks and resist high pressures, we are using 
a new type of lubricant designated in technical litera- 
ture as a *‘fibrous-structure extreme-pressure lubricant." 
Lubricants of this type do not have to be heated to ap- 
ply. They retain a fluid-plastic body under wide ex- 
tremes of temperature conditions. They do not “‘set’’ 
in cold weather and, therefore, absorb less energy. 
Regardless of the weather or operating condition, they 
carry up on the gears freely and build up a lacquer-like 
film on the gear teeth. 

While many steel mills are being equipped with new 
machinery of the finest type, obsolete and antiquated 
mills are still being operated. In most cases these mills 
were designed to be lubricated with tarry shields. The 
excessive power consumption resulting from this method 
of lubrication has unquestionably been enormous. 
The replacement and maintenance costs have been 
great. We have been able to improve greatly the 
lubrication condition of this type of equipment in our plant by 
minor mechanical changes and by the adoption of a more 
suitable lubricant. A number of our important installations 
are operating much more satisfactorily than they were pre- 
viously, because we have been using more suitable lubricants. 
For example, the life of a set of 36-in. blooming-mill pinions has 
been practically trebled and the cost of lubrication per ton of 
product produced has been lowered, although the cost of the 
lubricant per pound is treble that of the lubricant previously 
used. Similar records have been made for other gear sets. 

We have large geared units which contain the original special 
lubricant with which they were started up—some as much as 
eight to ten years ago—to which only nominal amounts have 
been added from time to time to maintain the proper level in the 
housings. These housings are very nearly dustproof. 

These special types of lubricants are lubricating the major 
portion of our geared units, but for other mill use the ordinary 
types of refinery products give satisfactory performance. 

Oil lubrication with circulating and filtering systems is being 
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FULLY ENCLOSED SEALED PINION STAND FOR A 24-IN. SHEET BAR MILL 


[his stand was lubricated with these special lubricants, same material for necks and teeth, and was operated for five years during the busiest 
period without removing the housing cap.) 


used with good results on speed-reduction sets and mill-pinion 
stands of merchant and strip mills—the same material lubri- 
cating both teeth and bearings. These systems work best with 
gears of the higher carbon and hardened types. 

The viscosity of the oil in a circulating system subject to 
mechanical agitation, air, moisture, and mill dust is sure to be 
affected, the degree depending upon the quality of the oil, the 
amount of ‘‘make-up’’ oil, and the compounds, if any, that 
have been used in it. It is also affected by the efficiency of the 
filtering system. The viscosity may become lowered in some 
cases. In others, it may be raised, even to the extent of form- 
ing a sludge. 

The wisdom of frequent checking of the oil in all systems is 
strongly urged. The oil should be tested for foreign substances, 
and laboratory tests made every three to six months and oftener 
if the preliminary checks of the condition of the oils indicate 
that it is necessary. 

Like most all mills, at one time we were large users of so- 
called ‘‘black oil.’ While low in first cost, it was expensive 
to use. We now use cylinder stock oil in most all cases. The 
cost per gallon is more, but the results are better and the final 
cost is less. 

Lubrication of roll necks of the open-bearing type is a dis- 
tinctly separate branch of mill lubrication. For cold necks, the 
more common types of tallow compounds and some suet con- 
tinue to constitute the bulk of the lubricant used as in the past. 
Improved types of mills and mechanical means of applying the 
lubricant have led to the development of wholly different kinds 
of roll-neck lubricants, from the standard types of heavy oils 
and extreme-pressure lubricants, oils and greases, to greases of 
various types. 

Hot-neck lubricants, to a large extent, are the same as have 
been used for many years. A tarry, heat-resisting substance is 
applied in the form of slabs laid up against the neck to melt as it 
will or is melted in a pan and swabbed on by the operators. 
Some hot-neck lubricants have been developed for mechanical 
application by lubricating systems. The lubricant manufac- 


turers are working to better this condition, but there is much 
yet to be done. 

Another special lubricant found profitable is of the cup-grease 
type, but with a certain degree of fluidity, depending upon the 
number used. This has been particularly advantageous for 
lubricating the wool-waste-packed bearings of overhead 
cranes. Where used, it has eliminated the drip of lubricant 
from the runways. 

Good progress has been made by the manufacturers of anti- 
friction bearings of the roller and ball types, and the use of 
these has lessened the difficulties of lubrication and excessive 
bearing wear. The lubrication of the ball and roller bearings 
used on miscellaneous machinery is usually accomplished with 
the regular types of lubricants, while the roller bearings operat- 
ing on roll-train roll necks, which are subject to excessive pres- 
sures, require an entirely new type of roll-neck lubricant. The 
extreme-pressure products are for this work; while some oil is 
used, more grease is employed. Because most bearing seals 
now in use leak, replenishments are constantly necessary 
Hence the quality of the lubricant is periodically built up. 
With a leak-proof seal, certain changes of the lubricant may be 
necessary to do the work constantly with little or no replenish- 
ment for comparatively long periods of time. 

A complete automatic centralized greasing system in use on 
the roll-train bearings of our 76-in. hot-strip mill operates at a 
pressure of 2000 lb per sq in. The amount of grease applied to 
each bearing is regulated by a valve near it, and the frequency of 
greasing all the bearings at the same time is regulated automati- 
cally from the central station. This is done every 15 min in 
our case. Temperatures of all back-up roll bearings are re- 
corded by a pyrometer. An attendant is constantly observing 
these readings for possible difficulty with any particular bear- 
ing. This entire lubricating and temperature-recording system 
has been in use for nearly three years and has been found to be 
very reliable. An extreme-pressure leaded compound is used 
for the roll-train roller bearings of this mill. Centralized sys 
tems are in use on all of our cold-strip mills. 
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Sleeve-type and half-shell bearings that have served many 
years on heavy operating machinery have become obsolete 
since the ball and roller bearings have shown such good results. 

It is not my purpose to belittle anti-friction bearings. Much 
credit for design and precision manufacturing must be directed 
to the producers of this type of bearing. However, if the same 
protection against dirt and other contamination were given 
the sleeve and split-shell bearings as has been given the anti- 
friction bearings, they would give a good account of them- 
selves, and their lubrication, which is now a constant burden, 
would become simple. What is needed is good alignment, a 
clean efficient oil film maintained by the use of seals and dust 
shields, and the cutting down of the present large clearances toa 
reasonable working amount. Manufacturers of these old types 
of bearings are constantly striving to produce a metal that will 
last longer under the present dirty working conditions, and 
they have done a creditable job of it. However, it is my opin- 
ion that a change to general cleanliness will give us what we 
want—a good long life for such bearings 

The installation of centralized lubricating systems is recom- 
mended wherever practicable. 
equipment have shown excellent returns. Good results are 
being obtained from these systems on roll trains equipped with 


Investments in this type of 
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the old-style babbitted and brass bearings. The life has been 
increased many times, and a power saving of 15 to 35 per 
cent has been shown. Less wear takes place daily and closer 
alignment of rolls is maintained, resulting ina better rolled 
product. 

The merits of centralized lubrication systems on roll trains 
equipped with roller bearings are acknowledged as necessary 
for the successful operation of this type of bearing. 

Dust and dirt are the known enemies of the steel plant and 
are the cause of large repair and maintenance costs. Regard 
less of the quality of lubricant, if it is being continually con 
taminated with gritty dirt, it cannot perform its function cor 
rectly. A compound of oil or grease, dust, and dirt, makes a 
lapping medium that is continually wearing down bearings and 
gearing. Therefore, a campaign to eliminate as much as pos 
sible this ever-present enemy should be carried on. A sincere 
effort along this line will bring about material reductions in 
repair and maintenance costs. 

From a lubrication standpoint, my recommendation is to use 
high-grade products with the proper degree of cleanliness 
and economy in order to obtain the lowest power, repair, and 
maintenance costs, the greatest yield, and the most uniform 
products 


li 
Nesmith, N. Y 


BLOOMING MILL IN OPERATION 
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Backgrounds of the 


COOPERATIVE SYSTEM 


By HERMAN SCHNEIDER 


UNIVERSITY OF CINCINNATI 


HE THEORY of the cooperative system is very simple. 
Engineers, like doctors and lawyers, are trained for prac- 
tice. Judgment based upon experience must supple- 
ment theory. The four-year plan of training engineers evolved 
in liberal-arts colleges and was merely a convenient extension, 
in form, of the liberal-arts system. Having graduated, the 
engineer, like the doctor, could not practice. He had a fair 
amount of principles but lacked sadly in knowledge of the 
other elements of his profession—men, 
materials, methods, and mechanisms. 
Hence an apprentice system came into 
being, covering a period of two or three 
years. Principles and practice were driven 
tandem instead of abreast. Prospective 
engineering practitioners were withdrawn 
from active life during their impression- 
able years, in order to prepare for active 
life. They had no tests of their abilities 
in their chosen fields until the major part 
of their preparation was completed. In 
civil engineering, for example, more than 
half the men trained for that profession 
quit it within a few years. (In the coop- 
erative system less than ten per cent do.) 
Withdrawing from life into monasteries 


Contributed by the Committee on Education 
and Training for the Industries, for presentation 
at the Semi-Annual Meeting, Cincinnati, Ohio, 
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met a need during the turbulent centuries in which life at large 
offered little to the intellect; but today life at large cries 
out for intelligence trained in theory and in practice, prepared 
to adjust theory with the proper factors of safety to practical 
problems without number. 

The ideal state presupposes ideal men. But mankind is 
cantankerous and life develops into a series of compromises 
The best state possible comes from the wisest adjustment of per- 
fect theory to imperfect man. This ad- 
justment in practical life needs experts who 
know perfect theory and imperfect man 
plus the mechanisms he uses in produc- 
tionand government. The theory can best 
be learned in school; and understanding of 
man and his mechanisms can be learned 
only where they operate. A man trained 
through to a Ph.D. in the social sciences 
w.thout the realism of practical contacts 
would have a bitter experience, for ex- 
ample, in organizing and operating a relief 
station for the unemployed. So would the 
unemployed. The management of men, as 
of materials, needs a knowledge that can- 
not betold. Training in precept only leaves 
us all children in the work-a-day world; we 
earn to walk among men by stumbling 
and getting bumped rather than by lectures 
on gravity. But just to learn to walk 
by being bumped does not teach a man 
the skilled handling of the force of gravity 
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Idealism in action presupposes a goal, and a straight line is 
the shortest distance between two points. But goals are never 
achieved on straight lines. The surges within and without us 
usually make the path Jike that of a buffeted ship. How to 
meet the winds and the waves on the bridge of a liner cannot 
be learned from books on meteorology. Conversely, a prac- 
tical navigator can more nearly approximate the straight line 
to his destination by a knowledge of what lies back of a weather 
report. The theorist who imagines he has a straight line clear 
to his goal becomes as bewildered as a fly trying to go through 
a window pane. If the fly knew about window panes it would 
take a more devious but surer and quicker path to where it 
wants to go, rather than struggle without progress along the 
apparent straight line. 

All of this means that there is a philosophy of approaching 
the ideal which takes into account the forces lying between us 
and our purposes and which must be met and turned to our 
Knowledge of some of these forces lies in books; of 
others not. But they al] weave into the successful doing of our 
tasks. And no matter what field of endeavor we train men for, 
the weaving should begin with the simpler elements of both 
and should be intimate and progressive. 

So the major idea underlying the cooperative system is that 
of balanced training to insure the highest attainment through 
the skilled use of aJl of the factors involved—theory, men, 
materials, methods, and mechanisms. 

There are many beneficial by-products to the system. 

It conserves time. By reason of the alternation of theoretical 
work and practical work, the student can carry a heavier load 
of studies per period than would be possible if he attended 
school full time. At graduation from the five-year cooperative 
course our student has covered more theoretical work than a 
stucent does in the four-year full-time courses. This has been 
established by an investigation, covering the leading engineer- 
ing colleges of the country, made by Prof. William T. Magruder, 
of Ohio State University, and published in the bulletin of The 
Society for the Promotion of Engineering Education, October, 
1933. In addition, the cooperative student has been given 5500 
hours of sequential] training in his field of practice, a training or- 
ganized by the college as carefully as its curriculum, and co- 
ordinated with the 
theory taught. Hence 
the cooperative student 
is as far advanced at the 
end of five years as the 
regular student is at the 
end of eight years. 
Further, the coopera- 
tive student's practical 
training has covered a 
broader field and his 
theory has been given 
many hitching posts in 
his mind. His ground- 
work is more amply and 
more thoroughly estab- 
lished. 

A student's fitness for 
his chosen profession is 
much moreeasily judged 
under the cooperative 
system than under the 
regular system. His ex- 
perience in actual en- 
gineering work and his 
contacts with other stu- 


uses 
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dents in many different 
phases of training, give 
him a real picture of 
what engineering is, 
rather than one drawn 
from popular magazines 
and movies, with the 
subsequent disillusion- 
ment when the _ hard 
grind is faced. 

A trained critical 
mentality is desirable, 
but if it lacks hard con- 
tact with life it fre- 
quently runs wild, errs 
in its conclusions, and 
sometimes becomes 
maudlin. Training in 
the constructive faculty 
gives it steadiness. Life 
becomes a search for the 
workable mean; acriti- 
cal plus a constructive 
quest for the bestanswer 
attains the highest possible good. 
gives coordinated training and experience in both. For ex- 
ample, our discussions in the field of labor economics are 
held in the fifth year, prior to which time our students have 
been laborers, mechanics, and minor executives. A background 
of experience such as this adds immeasurably to the reality and 
the value of the discussions and to the critical judgments of the 
students on the theories presented. Similarly, in mechanical 
engineering, students who have worked on the various machine 
tools such as the lathe, milling machine, drill press, grinder, 
and so on, do not need to study a voluminous textbook to 
tell them what these machines can do and what their many 
parts are. Hence when the theories of machine design are 
approached in the third year, no long descriptive courses are 
necessary. 

This conserves much curriculum time. In addition, the 
student engineer understands the introduction of the proper 
factors of safety necessary when theory must be expressed 
through materials and men. 

Under the cooperative system, teaching the theory only (plus 
certain cultural courses) is the function of the school; teaching 
the practice of engineering is the function of industry. 
can be learned only where the thing is practiced. 

Finally, there is a by-product of the cooperative system which 
defies phrasing. To sense it, one must live with the system in 
operation. It is a quality that comes from being required to 
face the day's work squarely and successfully. It comprises the 
development of a silent strength of will combined with honest 
judgment rather than captious criticism. A freshman in a 
large organization or on the building of a bridge learns 
quickly how little he knows. He gets the value of clear-cut 
knowledge as against fluid generalizations. His perspectives 
begin to lose their distortions. He finds a new basis for the 
value of money in work done. But above all, he realizes that 
in engineering you don't evade the thorough doing of things 
you can’t “‘just get by;’’ you don’t try to slide around a dis- 
agreeable but necessary task—you fool only yourself. The 
cooperative system teaches an engineer to do his best naturally 
and as a matter of course. Also it teaches him that you can't 
trick basic laws. 

It is a good thing for a man to sweat his way toward the 


Truth. 





The cooperative system 
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YRTY-THREE states have set up administrative machin- 
ery to handle apprentice training. Thirty-five of these 
have drafted and have had approved comprehensive plans 

of operation. Apprentices are already working in forty differ- 

ent occupations in seven of these states. That is a ‘thumb 
nail’’ report of the status of the new Federal-State Apprentice 

Training Program. The salient features of this program are: 


(1) A Federal Committee on Apprentice Training which 
guides, stimulates, and coordinates the program; serves as a 
clearing house of information; and interprets the minimum 
standards established. 

(2) State committees on apprentice training which are re- 
sponsible for organizing, promoting, and supervising activities 

(3) State and local trade advisory committees which develop 
training schedules and make recommendations to state com- 
mittees on wage rates of apprentices, number of apprentices 
required in the trade, proposed papers of indenture, and similar 
related matters. 


The underlying idea behind the program is that there should 
be minimum standards established by the Federal Government 
and that state and local agencies should be given a maximum 
of latitude in handling apprentice training. 

The advantages to be derived from general national guidance 
are great. The observance of minimum standards by every 
state will mean that the diploma to be granted to graduating 
apprentices will have definite value and wide acceptability. 
An employer in Massachusetts will know that if an applicant 
holds a diploma from the California committee on apprentice 
training, as a graduate machinist’s apprentice, he has had genu- 
ine training in all branches of his occupation. Such a diploma 
will be recognized as evidence that the holder has undergone a 
thorough training course on the job and in school. 

Each state committee appointed by the Secretary of Labor 
must contain representatives of all groups most vitally con- 
cerned, particularly employers and employees. This will give 
to the program in each state a balance which is essential. 
The presence of a representative of the United States Employ- 
ment Service on each committee will make more available to 
this committee the best information obtainable regarding those 
fields in which training is most needed. 

I have spent a great deal of time the last six months working 
with these committees and have been impressed with the capa- 
bility of the men and women serving on them, the interest 
which they evidence, and the harmony with which they oper- 
ate. They are giving very liberally of their time even though 
they are all extremely busy. Their foremost consideration is 
the welfare of the apprentice. Extraneous controversial issues 
have not been permitted to enter into discussions in committee 
meetings. 

To sum up their work very briefly, | may say that these com- 
mittees approve apprentice papers submitted to them by em- 
ployers. Recognition is made of the fact that employers who 
make work on the job an educational process are entitled to pay 
apprentices less than other workers during the first portion of 
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NATIONAL APPRENTICESHIP UNDER WAY 


By WILLIAM F. PATTERSON 


FEDERAL COMMITTEE ON APPRENTICE TRAINING 


the apprenticeship. The apprentice’s wage graduates upward 
during the training period and is usually about three-fourths 
of the journeyman’s wage when the training period is completed. 

Apprentices under this program will receive related instruc- 
tion in general and technical subjects through the public voca- 
tional schools. Vocational educators, through the United 
States Office of Education, state departments, and local voca- 
tional schools, play a major rdle both in developing and giving 
related education and in vigorously stimulating the adoption 
of apprentice training by employers. 

This training program has met with unexpectedly wide em- 
ployer acceptance. Among the reasons for this reaction on the 
part of employers, the following may be mentioned: 


(1) The impending shortage of skilled labor is recognized 

(2) The advantage of a national program which will pro- 
mote apprentice training in all states is appreciated. 

(3) The fact that apprentice training will become universal 
among all employers in all states in an industry will mean chat 
a comparatively small number of employers will not have to 
bear the brunt of training. 

(4) Existing agencies are being utilized to promote the pro- 
gram; there is no extensive and costly governmental agency 
established to foster it. This also appeals to employers as a 
sound procedure. 


One of the most gratifying indications of the colossal possi 
bilities in the full development of this program has been the 
endorsement and assurance of support from nationally known 
industrial leaders, national code authorities, and national trade 
associations. Although many of these groups and individuals 
have been somewhat skeptical and suspicious before they fully 
understood the operation of the program, they have unani- 
mously expressed themselves in favor of it after a complete 
discussion of every phase of its operation. 

It is important to stress that this program is in no way com- 
pulsory on employers. Any employer can either elect to train his 
apprentices under present arrangements or can decide to do his 
training under the state committee. 

What can employers or professional associations such as this 
do to be of tangible assistance to this movement? I have 
already obtained advice and definite help through personally 
meeting with your apprenticeship committee. Since that 
meeting the members of your committee have made valuable 
contributions to the direction of the national program and 
have acted as a catalytic agent in arousing the interest and 
activity of industry. 

The staff of full-time workers on the Federal committee is so 
limited that intensive promotion with employers is out of the 
question. Hence, the Federal committee realizes increasingly 
that individual employers and trade associations will need 
to play a major rdéle, not only in stimulating interest in or- 
ganized training, but also in counseling relative to the me- 
chanics of satisfactory apprenticeship activities. 

With this in view, a series of meetings with national trade- 
association authorities is being held to urge each industry to 
designate a committee to formulate an acceptable program of 
apprentice training for each industry. Correspondence and 
personal contact with many of these groups indicate that they 
are willing and eager to cooperate in such a venture. 





Jury, 1935 


As a striking example of what one industry is doing to pro- 
mote apprenticeship, I should like to cite the following illus- 
tration: 

The American Foundrymen’s Association devoted a promi- 
nent place on its national convention program to a discussion 
of the new Federal-State Apprentice Plan. A few months 
later every employing foundryman in the country was provided 
with a bulletin reporting the discussion at the national con- 
vention. A joint committee of the American Foundrymen's 
Association and National Founders Association prepared and 
published a bulletin on standards of four-year foundry appren- 
ticeship. This bulletin was supplied to all employing foundry- 
men in the country. A joint committee has secured the ser- 
vices of a man who will devote practically all of his time to the 
vigorous promotion of apprenticeship in this industry. 

The office of the Federal Committee on Apprentice Training, 
located in the Department of Labor Building in Washington, 
will be glad to supply on request copies of a bulletin entitled, 
“What the Federal-State Apprentice Training Program Means 
to Employers’’ and other information regarding the appren- 
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tice plan. It will also be glad to place the names of all 
interested persons on its mailing list. 

Comments, criticisms, and suggestions are invited in order 
that the program may be made a workable one. 

The paradox of millions of young people unemployed on the 
one hand and a serious impending shortage of skilled workers 
on the other faces the United States today. This apprentice 
training program as fostered by the state committees on ap- 
prentice training can do much for the youth of the country, 
for industry, and for society at large by helping to create a 
body of skilled workers thoroughly competent to perform all 
the tasks comprising their occupation. Authorities believe 
that this movement will have a significant effect in developing 
an intelligent citizenry. Industry can and is cooperating to 
make the plan practical and successful 

[Since this paper was written the status of the Federal Com- 
mittee on Apprentice Training has been brought into question 
by the Supreme Court decision. However, it is hoped that 
ways will be found to continue the work in progress in the 
various states. -Epiror|} 


APPRENTICE TRAINING METHODS 


By J. F. KOLB 


NATIONAL METAL TRADES ASSOCIATION 


HE transition from the period of the guilds to the ma- 
chine age has introduced many factors which affect 
apprentice training, such as the gradual change from 
individual completion of jobs to participation in straight-line 
production. Recent developments introducing motion studies 
and other comparative measurements by engineers to secure 
maximum production with a minimum expenditure of energy 
compelling the use of the best standards of performance have 
affected apprentice training and have forced changes in methods. 
The type of apprentice program considered in this paper em- 
braces four years of well-rounded training in the fundamental 
operations or processes of the trade, including a sufficient 
variety of jobs on different machines or processes to avoid an 
early development of specialists of limited experience. Ap- 
prentices learning the machinist’s trade would follow a general 
schedule for a three-year period. Their accomplishment dur- 
ing this period would indicate the probability of successful 
completion of the course as toolmakers, die-sinkers, machinists, 
or specialists in two or more lines. Apprentices who indicate 
adaptability would receive special training during the fourth 
year as toolmakers or die-sinkers. Another group, lacking 
ability to become toolmakers, would be given training in 
several activities during the fourth year to help them excel 
in two or more lines in addition to their general ability as all- 
around machinists. Others, who lack aptitude or ability to 
become toolmakers, die-sinkers, or general machinists, would 
be given further training during the fourth year in two or more 
activities in which they exhibited marked ability during the 
previous three years to develop highly skilled specialists in 
one or more processes. 
For successful development of such a program management 
should carefully select the directing personnel to assure proper 
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interest, aptitude, and attitude toward the activity and should 
then delegate to these individuals the responsibility of pro- 
moting and supervising the apprentice-training program 
In large plants an apprentice supervisor serving as liaison officer 
should select apprentices, indenture, arrange for their transfer 
and advancement from one machine or process to another, give 
them the necessary instruction in mathematics, science, and 
drawing, and supervise the instruction given the apprentice in 
the shop on machines or processes by foremen. The supervisor 
should have an extensive, general, up-to-date experience as a 
toolmaker and machinist in addition to several years of college 
education, including educational psychology and theory 
and methods of teaching. One of the most important duties 
of the supervisor or official in charge of apprentice training 
would be to assist foremen to master the technique of teaching 
an apprentice, stressing adequate preparation and correct pres- 
entation to assure comprehension and correct application. 

Management and foremen have often restricted training 
programs due to lack of confidence in the apprentice’s ability 
to acquire certain knowledge and skills. Foremen have too 
often limited apprentice training to the more simple processes 
within the shop or neglected to instruct apprentices properly 
and later bitterly condemned apprentices and seriously criti- 
cized the quality of service former apprentices were able to 
render as journeymen when these failures should have been 
charged directly to the foremen’s limitations. 

The executives of smaller plants which must rely on foremen 
to train apprentices can secure more effective teaching ‘results 
if they give their foremen a short intensive course on the 
teaching process. Every employee in industry would benefir, 
and increased earnings would result from such a course which 
would increase the efficiency of all employees. Foremen should 
be made to appreciate the almost limitless possibilities ap- 
prentices have for learning. The apprentice should be given 
the benefit of the doubt and should be thoroughly tested before 
his ability is questioned as to his mastering certain processes 
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which are needed to assure his development as a skilled crafts- 
man 

The methods employed should be modern and intensively ap- 
plied directly to the individual in all shop and related subjects 
with instruction on the job when possible. Care should be 
exercised to teach correct motions and application of basic 
principles involved, showing the reasons for their use and 
special applications of these to assure a high degree of ef- 
Conservation of effort and materials through correct 
application of modern manufacturing methods should be taught 
in order to develop men who will be able successfully to meet 
the tests of modern highly competitive industrial condi- 
tions 

In addition to the older methods of personal instruction and 
demonstration, there is now available properly prepared printed 
material including complete analyses of operations or processes 
fully illustrated which indicates how each part of a job is done 
Recently text material developed by a number of people has 
added to the recorded knowledge, experience, and technical in- 
formation that were required for the completion of certain 
kinds of tasks. Most of these texts have been written by in- 
dividuals and were prepared to meet definite needs. However, 
in many cases, because of a lack of time, training, and experi- 
ence or facilities for collecting material and securing collabora- 
tion of many specialists in preparing it, texts have proved in- 
adequate. The urgent need and insistent demand for better, 
more complete texts has induced manufacturers to have such 
material prepared by their agents. These agents have made 
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comprehensive studies of needs and have developed suitable 
instructional material that is more complete as to subject matter 
covered and detailed instruction on tools or processes used in 
the trade than were available in the past. Contrasting the 
manufacturers’ method of preparing the text material with the 
efforts of individual authors should be interesting because of 
the results obtained 

The manufacturers’ agent selected highly trained, thoroughly 
experienced workmen to write the texts who were high-grade 
specialists on certain tools or processes. These manuscripts 
were submitted to approximately one hundred manufacturers 
who either manufactured or extensively used such tools. The 
manufacturers requested their plant managers, engineers, and 
foremen to check the material for general treatment, complete- 
ness of detail including illustrations and necessary applicable 
mathematics, and accuracy of text for each subject of instruc 
tion. The methods used and the extensive collaboration em 
ployed enable production of a superior type of instructional 
material that will improve effective in teaching and materially 
reduce the individual burden of the teacher and apprentice 
The careful thorough organization of the instructional materia] 
has proved to be an effective means ot helping foremen properly 
train apprentices at minimum cost. Men so trained should be 
more efficient than most craftsmen of today, and such an ac- 
quired mastery of tools and processes will develop in workmen 
a pride in craftsmanship that will be reflected in products 
that will extend our markets and bring richer rewards to manu- 
facturers and craftsmen. 
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A Comparative Study of the Effects on the Metal of Cutting by Friction Saw 
Shear, and Flame With Hand Torch and Machine 
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possible the effects of several of the more widely used 

methods of cutting structural steel on the properties of the 
metal adjacent to the cut surface. It is believed by some that in 
certain instances the failure of structural members may quite 
possibly have originated at the cut surfaces through damage 
caused by the cutting procedure and considerable more or less 
contradictory information pertaining to this subject has been 
published. It is hoped that the preliminary work here pre- 
sented may to a certain extent clarify some of the more contro- 


P | MHE purpose of this investigation was to determine as far as 


versial issues. 

Representative surfaces resulting from the five methods of 
cutting—machining, shearing, friction sawing, hand-torch cut- 
ting, and machine flame cutting—are shown in Fig. 2. It 
should be stated that the machined surfaces were used primarily 
as a basis for comparison. In each of the four remaining cutting 
procedures ordinary shop practice was adhered to as closely as 
possible. 

The specimens employed in the comparative study of the cut- 
ting methods were all removed from the same '/:-in. hot-rolled 
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TABLE 1 PROPERTIES AND ANALYSIS OF THE TEST PLATE 
AS COMPARED WITH A.S.T.M. SPECIFICATION A9 

Test 

plate Spec. AQ 
Tensile Properties 
Tensile strength, lb per sq in..... 61,400 60-72,000 
Yield point, lb per sq in........ 35,700 30,700 
Elongation in 8 in., per cent.............. 30.0 22.8 min 
Cold-pénd test, COG TAC occ ince ccscses TD 180 
Chemical Analysis 
rE | a cae ee 
DRAMMANCSE, PEF CORE. ..5.. 25 wince ees ieee! OO 
SANIT: IEE IGOIIE a 's. sors wieltie nto ewe WeaD 
SHIRE EP CDG icicles Sos wince awn sicorieee OUORD 
PHOSMOEUS, TIT CORE. nce eccicceevenes OCT 0.06 Cmax 


structural-steel plate. Prior to the preparation of the test 
specimens this plate was carefully inspected and checked for 
any abnormalities which might contribute toward erratic re- 
sults. None was found. The properties of the plate are given 
in Table 1 where complete conformity with A.S.T.M. Specifica- 








FIG. 2 
CEDURES UNDER TEST (FROM TOP TO BOTTOM: 
SAWED, HAND-TORCH CUT, AND MACHINE-FLAME CUT) 


tion AQ! is indicated. The slightly banded structure is quite 
normal for steels of this type and it is believed that no variations 
in the results to be reported may in any way be attributed to 
anything other than the cutting procedure involved. 

The investigation has been divided into four principal parts, 
namely, determination of the effect of cutting procedure on: (1 
The hardness of the metal adjacent to the cut surface; (2) the 
microstructure of this metal; (3) the toughness or impact value 
ot the surface metal; and (4) the ductility of the cut surtace as 
measured by the cold-bend test. 


HARDNESS TESTS 


It is obvious that as far as hardness changes are concerned 
the principal effects of importance are likely to be confined to 
the region fairly close to the cut surface. Accordingly, a 
method of hardness exploration has been applied here that has 
been used with some success in determining the hardness pene 
tration of nitrided and other case-hardened surfaces. This 
method consists essentially in preparing a specimen, one surface 
of which has been treated with the cutting procedure in ques 
tion, and in the subsequent removal by extremely careful grind 
ing of most of this surface with a taper of 1 in 25. It is possible 
by this means to measure hardnesses along the tapered surface 
at such distances between tests as to eliminate any effect of one 
indentation upon another, but at the same time actually to test 
the hardness at extremely small increments of penetration from 
the cut surface. The hardness specimens used for this investi 
gation, together with a sketch indicating the method of prepa- 
ration of the specimens, are shown in Fig. 3. Throughout the 
entire investigation of hardness the Vickers hardness-testing 
machine with a special indexing fixture has been employed 
It is believed that the hardness numbers determined with this 
machine using a 10-kg load and the ?/;-in. objective are strictly 
representative of the metal very close to the surface tested, if 
not at the surface. Readings have been taken at such distances 
along the tapered surfaces as to permit reporting of the hardness 
at depth increments of 0.002 in. The results of preliminary 
tests of the five surfaces indicated that in each case the original 
plate hardness has been reached before a depth of 1/» in. 

In order more definitely to study conditions immediately ad 
jacent to the cut surface a second series of hardness tests was 
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conducted, the results of which are shown in 
Figs. 4 and 5. Considerable variation is seen 
to exist. It will further be noticed that the 
machined surface which was used primarily as 
a basis for reference exhibits a slight but quite 
definite surface hardening. This, however, 
has completely disappeared at a depth of only 
0.002 in. from the surface and is of no signifi- 
cance other than to indicate the sensitivity of 
the method of testing. The results of all hard- 
ness tests are shown in Table 2. 

The sheared surface shows a slightly irregular 
but gradually decreasing hardness for the entire 
1/s-in. zone investigated. The phenomenal sur 
face-hardening effect of the friction sawing is 
extremely interesting, but this effect is seen to 
disappear, at least for the main part, in the first 
few thousandths of inch. The lack 
ductility normally accompanying a hardness of 
this magnitude might be instrumental in the 
promotion of minute surface cracks through 
relatively slight plastic deformations of the cut 
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TABLE 2 EFFECT OF CUTTING ON THE HARDNESS OF METAL 
ADJACENT TO THE CUT SURFACE 
Distance ———————Vickers Brinell Hardness—— 
from Hand Machine 
surface, Friction flame flame 
in, Machined Sheared sawed cut cut 
164 245 345 204 218 
0.002 137 240 333 197 206 
0.004 137 243 254 197 200 
106 134 237 246 195 193 
0.008 134 237 240 197 190 
10 134 237 227 200 190 
).O12 131 230 198 197 195 
0.014 131 242 182 190 195 
016 134 227 177 197 18] 
018 131 237 174 197 187 
020 137 233 174 200 185 
).025 134 232 177 174 18] 
030 13] 206 171 164 18] 
035 136 200 168 174 173 
040 133 193 158 170 174 
45 134 190 151 77 162 
O50 128 189 143 166 163 
06 13] 187 138 181] 155 
7 136 18] 133 170 147 
08 134 173 131 170 157 
O09 134 70 131 164 141 
li 137 169 136 158 151 
0.15 136 159 137 163 147 
).20 136 155 136 157 145 
25 137 159 134 155 143 
30 136 153 133 149 143 
35 138 149 138 141 143 
0.40 14] 145 136 139 145 
0.45 134 141 136 136 141 
0.50 138 136 138 139 139 
60 136 135 138 138 139 
70 138 138 138 138 137 
0.80 136 138 136 136 141 
0.90 138 141 143 133 136 
1.00 137 138 138 135 138 
plate. Further consideration of Fig. 5 shows little difference 
in hardness as brought about by the two _ flame-cutting 
methods. In each case there is a certain surface-hardening 


effect which gradually decreases in a fairly uniform manner 
until the hardness of the plate stock is reached. A study of 
Fig. 5 will reveal the relatively mild hardening effects of the 
flame cutting as compared with the effects of shearing or friction 
sawing. 
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MICROSTRUCTURE 


The changes in structure as influenced by the 
various methods of cutting are illustrated in the 
photomicrographs included in Fig. 4. The 
plate structure as shown in the case of the ma- 
chined specimens shows no effect of the machin- 
ing despite the very thin layer of cold-worked 
material at the surface. In fact this may be 
considered to be a perfectly representative photo- 
micrograph of the plate stock used throughout 
The photomicrograph of 
the sheared surface is representative of the ex 


the investigation 


treme condition, yet this structure showing the 
tremendous cold-working effected by the shear- 
































Cut surface 





ing Operation is in no sense unusual. The sharp 
V-notch illustrated is an ideal stress concentra- 
tor, although it is unlikely that any crack for- 
mation or propagation will result due to the 





favorable location of the discontinuity with re- 
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spect to any applied stresses 
The friction-sawed surface discloses a some- ee 
what unusual pseudomorphic structure in the 
first few thousandths of an inch adjoining the surface. The 
island-like constituent supported ina ferrite matrix has every 
appearance of the original pearlitic areas in the region adjacent 
to the normal structures, yet this arrangement fades into a 
structure which might easily be confused with that of a 
thoroughly spheroidized cementite. The extremely rapid self- 
quenching of the plate edge from a condition of complete or 
partial solid solubility has left a partially martensitic structure 
not clearly established by the photograph. The high local 
hardness of Vickers 345 is the result of the self-quenching action. 
The hand-torch-cut surface shows the usual zoning effect with 
regard to grain size. The coarsened zone accompanying the 
overheating is, however, restricted to a very narrow band of a 
few hundredths of an inch after which the extremely fine layer 
is easily distinguishable. The carbon content of this surface is 
unquestionably higher than that of the normal plate metal and 
because of the quenching effects induced by the flow of heat to 
the adjacent plate metal the resultant structure is largely sor- 
bitic. It is interesting to note the cleavage or Widmanstatten 
structure in the overheated section immediately adjacent to the 
flame-cut surface. It will be noted that the same general effects 
of the hand-torch cutting persist in the case of the machine 
flame cutting with the exception that the affected zone is con- 
fined to a more narrow band. The normal plate structure in 
this case has been only slightly disturbed at a depth of !/32 in 
from the surface and the coarsened region is restricted to a layer 
of only a few thousandths of an inch in depth. 


IMPACT TESTS 


The specimen used for the impact tests was adopted, not with 
the idea that it was a perfect criterion of the toughness of the 
metal adjacent to the cut surface, but with the thought that it 
would give a fairly comparative measure of the general effect 
of each of the five cutting procedures on the normal toughness 
r impact value of the plate material. The transverse-type 
Charpy specimen employed is not symmetrical as far as cutting 
effects are concerned. It was necessary to adopt this specimen 
because of the obvious impossibility of cutting two sides of a 
specimen less than 0.4 in. square by any of the methods in- 
volved other than machining. It is felt that despite this lack of 
symmetry some effect of the cutting practice should be reflected 
in the impact resistance of the specimen, and it is apparent 
from the result shown in Table 3 that this is true. 

The values obtained for the plate material as machined are 
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HARDNESS TEST SPECIMENS AND METHOD OF PREPARATION 


perfectly normal with respect to magnitude and uniformity 
It will be noted that the average of five individual tests has been 
used as a basis for comparison in each instance. The sheared 
specimens show some loss in toughness and the direction otf 
shear is seen to have very little effect on the average impact 
value. In the case of the friction-sawed specimens there is 
again a slight drop in toughness. The incongruity between the 
TABLE 3 IMPACT-TEST RESULTS 


Charpy transverse 


Specimen Surface Notched impact value, ft-lb, 
no tested surface individual average 
1-] Machined Any 20.0 21.4 
1-2 21:5 
]-3 21.8 
1-4 21.6 
1-5 Se | 
2T-1 Sheared Top 17.6 7.2 
2T-2 16.2 
2T-3 18.4 
2T-4 7.1 
2T-5 16.7 
2B-1 Sheared Bottom 15.0 16.9 
2B-2 7 
2B-3 7.3 
2B-4 18.6 
2B-5 16.8 
3-1 Friction sawed Top 20.3 19.8 
3-2 19.5 
3-3 20.0 
3-4 21.0 
ce 18.4 
4T-l Hand flame cut Top 38.8 i 
4T-2 42.3 
4T-3 39.4 
4T-4 35.4 
4T-5 19.4 
4B-] Hand flame cut Bottom 36.5 s757 
4B-2 47.1 
4B-3 77.4 
4B-4 38.9 
4B-5 43.6 
5T-1 Machine flame cut Top 18.1 20.3 
ST-2 21.8 
5T-3 16.4 
5T-4 20.7 
5T-5 24.7 
5B-1 Machine flame cut Bottom 22.6 21.9 
5B-2 22.6 
5B-3 20.7 
5B-4 18.6 
5B-5 24.9 
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high hardness for 
this surface and the 
small decrease in 
toughness can be 
explained by the 
relatively thin su- 
perficial 
hardened material 
with respect to the 
large volume of 
undisturbed metal 
The results for the 
hand-torch-cut 
specimens vary be- 
tween the tough- 
ness of the parent 
plate and twice 
this same value to 
give a compara- 
tively high aver- 
age. The average 
of the five speci- 
mens which were 
notched at the top 
of the cut surface show approximately 50 per cent increase 
over the plate metal and the second series of hand-torch-cut 
specimens shows an even higher figure. A comparison of the 
results for the two series of torch-cut specimens shows the 
metal adjacent to the top or torch side of the cut to be some- 
what tougher than the corresponding metal at the bottom side 
of the cut. This is probably due to the greater heating of the 
upper surface and the subsequently deeper penetration of the 
quenching action. The irregularity of these results is unques- 
tionably largely due to the notching effect of the hand-cutting 
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procedure. In the 
case of the machine- 
flame-cut_ speci- 
mens very little 
change in the 
toughness has been 
found. The slight 
decrease from the 
normal plate value 
is probably negligi- 
ble and certainly 
in no sense serious. 
Further study of 
machine-cutting 
procedure toward 
the incorporation 
of some of the 
toughness inherent 
in the hand-flame- 
cut surface is indi- 
cated. Again in 
the case of the ma- 
chine-flame-cut im- 
pact tests, we find 
the metal at the top surface of the cut plate to be slightly 
tougher than that at the bottom, presumably because of a 
slightly greater heating and quenching effect. 
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COLD-BEND TESTS 


The cold-bend tests were conducted on specimens cut from the 
original '/,-in. plate by the method under test. Two series of 
specimens were obtained, one with the direction of rolling 
longitudinal, and the other with the rolling direction trans 
verse. In those cases where the direction of the cutting might 
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TABLE 4 RESULTS OF COLD-BEND TESTS 


Angle 
of 
bend 
Speci- Type Direction Edge of about Appearance 
men ot of cutin !/9-in after 
No cut rolling tension pin flattening 
1-1 Machined Longitudinal Either 180 Nocracking 
1-2 Longitudinal Either 180 Nocracking 
1-3 Transverse Either 180 Nocracking 
1-4 Transverse Either 145 Cracked 
2-] Sheared Longitudinal Top 95 Cracked 
2-2 Longitudinal Bottom 95 Cracked 
2-3 Transverse Top 60 Cracked 
2-4 Transverse Bottom 55 Cracked 
3-1 Friction Longitudinal Top 90 Cracked 
3-2 sawed Longitudinal Bottom 90 Cracked 
3-3 Transverse Top 80 Cracked 
3-4 Transverse Bottom 70 Cracked 
4-] Manual Longitudinal Top 180 Nocracking 
4-2 flame cut Longitudinal Bottom 150 Cracked 
4-3 Transverse Top 100 Cracked 
4-4 Transverse Bottom 55 Cracked 
5-1 Machine Longitudinal Top 180 Nocracking 
5-2 flame cut Longitudinal Bottom 180 Nocracking 
5-3 Transverse Top 180 Cracked 
5-4 Transverse Bottom 170 Cracked 


possibly influence the cold-bending ductility, a bend in each 
direction has been made; hence the bend-test results include for 
each surface four specimens, the results of tests of which are 
shown in Table 4. The bend tests were conducted in the cold- 


1/, in in 


bend machine by wiping the specimen around a pin 
diameter until appreciable corner cracking had occurred. The 
corners of these specimens were not rounded as is customary in 
preparing cold-bend test specimens in order to intensify any 
effects of the cutting on the ductility of the cut surface. The 
test results for most specimens are expressed in terms of the 
angle of bend to produce cracking. The specimens which 
satisfactorily withstood a bend of 180 deg around the !/»-in. pin 
were subsequently flattened between compression heads. In 
Fig. 6 are shown the five specimens which satisfactorily with 
stood complete flattening without cracking 


SUMMARY 


The illustrations and tables accompanying this report sum 
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FIG 5 COMPOSITE CHART OF THE SURFACE HARDNESS EFFECTS 
INDUCED BY THE FIVE CUTTING PROCEDURES 


marize the findings fairly completely and no attempt will be 
made to draw rigid conclusions from this preliminary study. 
In general the tests have shown: 


1) The disturbance of the hardness and structure of the 
structural-steel plate tested is less severe in flame cutting than in 
either shearing or friction sawing. 

2) Machine flame cutting does not appreciably affect the 
toughness of the metal adjacent to the cut surface, hand- 
torch cutting definitely improves the toughness of this 
metal, and shearing or friction sawing decreases the toughness 
slightly 

3) Ductility of the structural plate tested, as determined by 
the cold-bend test, is less seriously affected by hand-torch cut- 
ting than by either shearing or friction sawing. Machine 
flame cutting may even be beneficial in this respect 
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FIG. 6 THE FIVE COLD-BEND SPECIMENS THAT SATISFACTORILY WITHSTOOD A BEND OF 180 DEG FLAT (A = MACHINED, LONGITU- 
DINAL ROLLING. B = MACHINED, TRANSVERSE ROLLING. C = MACHINE-FLAME CUT, LONGITUDINAL ROLLING ) 





N.A.CCA. LANGLEY FIELD CONFERENCE 


HE N.A.C.A. held its annual conference at the Langley 

Field, Virginia, laboratories on May 22. As usual the con- 
ference was attended by a notable group representing the avia- 
tion industry, the Army Air Corps, the Navy Bureau of Aero- 
nautics, and the Air Commerce Bureau. The universities in- 
terested in aeronautics were not represented, as, strange to say, 
no invitations are issued to the schools, although their gradu- 
ates naturally provide the major part of the Langley Field Con- 
ference. The results of experimental work carried on during 
the year were presented to visitors in a main meeting, in a series 
of subsidiary conferences, and by carefully organized visits to 
the laboratories. Even the new science of aeronautics must 
bow to the law of diminishing returns, and while solid con- 
tributions to knowledge have been made by the Committee, no 
startling discoveries or innovations were made public. 

The most interesting addition to the equipment at Langley 
Field was in the form of a vertical free-spinning tunnel. Air is 
drawn up through a vertical cylinder some 27 ft long and 15 ft 
in diameter at speeds varying between 15 and 50 ft per sec. A 
small model lightly built of balsa wood, and with weight and 
moment of inertia distributed so as to simulate the full-scale 
airplane, is introduced into the tunnel at the end of a long pole, 
with the rudder set for a spin. When the model is spinning 
freely in the air stream, the pole is withdrawn and the model 
hovers in a condition exactly simulating full-flight spin con- 
ditions, with the upward velocity of the air replacing the verti- 
cal velocity of descent in the spin. A clockwork mechanism 
built into the model, actuates the rudder or elevator against the 
spin. If recovery takes place, the model passes from the spin 


ning nose dive into an ordinary dive, and is caught in a net 


mounted below the working section of the tunnel. The phe- 
nomena are observed from a platform either visually or by 
means of a moving-picture camera. Here is a practical tool for 
the airplane designer which will tell him at far less hazard than 
in a test flight, whether or not his aircraft will recover. To the 
British Royal Aircraft Establishment is due the credit of having 
built such a tunnel for the first time in 1930, and it is gratifying 
to know that such apparatus is now available to American 
aviation 

At no time has so much attention been concentrated on im 
provement of planes for private. flying, and Langley Field is 
collaborating in this endeavor by attacking the problem of lift 
increase devices and means for lateral control. The Fowler 
variable-area wing, in which a rear under portion of the wing 
slides out rearward, increasing both the area and the effective 
camber of the supporting surface, was the subject of experi- 
mental and theoretical investigation. 
While the split flap or air brake, now 
almost universally employed on our air 
lines, has shortened the glide-in over 
an obstacle and the subsequent land- 
ing run, it does mot improve the take-off 
run and subsequent climb over an ob- 
stacle. The extension of the wing 
means an increase in the lifting capacity, 
without a correspondingly high in 
crease in drag. Hence the Fowler wing 
does improve take-off characteristics and 
so is likely to be useful both for the 
private plane and for Navy deck-land- 
ng airplanes 


\ new spoiler aileron was presented 


in which a spoiler or flat surface is offered to the wind on one 
side of the wing. This decreases the lift so that the spoiler 
acts as an aileron. The drag of the wing is also increased, so 
that the spoiler-aileron works with the rudder instead of 
against the rudder as in more conventional ailerons. The new 
spoiler also opens a slot through the wing, thus eliminat- 
ing aerodynamic lag which has been a drawback in previous 
spoilers. Another advantage of the spoiler is its location in 
the forward part of the wing; the rear flap or air brake can 
thus be carried to the extreme tip of the wing, and not cut 
short and made less effective as is the case with conventional 
ailerons. The utility of this device in private plane design is 
obvious. 

Aerodynamic refinement is still being carried further, step by 
step, with better cowlings of the engine and better positioning 
of the wing relative to the fuselage. 

The distinguished gathering was given a striking demonstra 
tion of the direct take-off autogiro. An autogiro 
mounted on a vertical cable, with a cable attached to the uppet 
end of its axis of rotation was speeded up to 150 per cent of its 
normal rpm, by a vertical electric motor, then a clutch was re 
leased and the rotor rose merrily into the air. The direct take 
off autogiro is one of the most significant events of recent years 
and the demonstration brought home the universal possibilities 
of the new design. 

Fuel injection is gradually being brought to the standards of 
power of the carbureter engine. Greater fuel efficiency than is 
possible with the carbureter engine has already been attained, 
and the possibility of using a heavy non-inflammable fuel oil in 
an aircraft engine is a most enticing one. The two-cycle engine 
work of the Committee is also most interesting. Combined 
with fuel injection the two-cycle engine comes finally to 
practicability, since fuel need no longer be lost during scaveng 
ing. 

Propeller vibration is engaging much attention. Vibration, 
simple in elementary theory, is one of the hardest problems to 
solve in high-speed aircraft. The Committee's view is that 
propeller vibration is a matter of dynamics alone, without re 
gard to aerodynamic flutter—an opinion from which many 
authorities strongly dissent. 

The question of scaleeffect on airfoils is approaching solution, 
thanks to the facilities for comparison in the atmospheric tun 
nels, the variable-density tunnel, and the full-scale tunnel, all 
available at the field. 

The towing basin is actively at work, and is giving designers 
the definite frictional information which engineers love so 

much. That the world does move was 
proved by the comparative test of the 
NC float used by the Navy in its early 
trans-Atlantic flight, with a modern 
float. For the same aircraft and horse- 
power, take-off time and speed were re- 
duced to nearly 50 per cent of the 1921 
figures. 

These are but the “‘high-spots’’ ot 
the huge program presented. Even a 
well-informed gathering, though highly 
grateful, complained of severe mental! 
indigestion.—A. KLemin.! 


rotor, 


1 New York University. A.S.M.E. Rep 
resentative at Langely Field Conference 
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MODERN CAST IRON 


By R. G. McELWEE 


ECORSE FOUNDRY CO. ECORSE, MICH 


N DISCUSSING this subject it is my intention to present it in 

such a manner that engineers may be guided in getting the 

very most in the way of physical properties in writing 
specifications for the new cast iron, to familiarize them with the 
effects of processes that are more potent than materials in their 
influence and final results, and to expose some commonly ac- 
cepted fallacies regarding foundry practice. 

In purchasing cast-ferrous materials, to attain certain specific 
results, it should be borne in mind that it is highly important to 
select the foundry specializing in the particular type of casting 
required. Just as you take a broken spectacle lens to the opti- 
cian for duplication, you should be able to take to your foundry- 
man for duplication, a piece of casting showing the microstruc- 
ture of iron successful in your work. The field for gray-iron 
castings is rapidly increasing, because it has been found possible 
to control the various steps in the manufacture of iron castings 
so as to produce definite guaranteed physical properties. This 
means that it has been possible, through more scientific melting 
and control methods, to duplicate certain microstructures. 


MODERN FOUNDRY TECHNIQUE 


It is now possible to melt at definite temperatures, and at 
temperatures much higher than were previously obtainable, 
and to do so under atmospheric furnace controls which enable 
us to calculate a definite analysis and be reasonably sure of 
attaining that analysis. Better cupola controls are available 
for steady jobs; but for small tonnage of special irons, electric- 
furnace iron seems to fill the need. 

Another field developed only recently and not to its fullest 
extent is the mechanical control of cooling rates, melting and 
pouring temperatures, and other factors affecting the final 
condition of the casting which must be carefully controlled in 
order to produce consistent results. It has been the practice 
in certain industries to order cast iron by writing a chemical 
specification. Some large foundries built to produce a definite 
casting or castings in large volume have minimized these prob- 
lems because the cooling rate and the melting temperature can 
be more accurately controlled where there is a steady flow of 
material from a melting unit properly synchronized with con- 
veyers so that each step of each operation requires approxi- 
mately the same length of time. Thus in many respects a large 
production of a single part offers less of a problem than a smaller 
quantity of that same part. Blueprints were sent to several 
foundries for estimate, and when the job was finally let the 
foundryman was told that he had to make the casting with a 
definite amount of total carbon, silicon, manganese, phosphorus, 
and sulphur, and, in some cases, alloy additions were specified 
also. It is safe to assume that if six patterns were exact dupli- 
cates and given to six different foundries, and if each foundry 
came well within the limits set for chemical analysis, then six 
different sets of physical properties would be obtained. It is 
just as important to control melting temperature, pouring 
temperature, time between pouring and shakeout, and time of 
adding alloys or metalloids, as to control the chemical analysis 
in the melting processes. 

For example, the ability of silicon to graphitize depends largely 
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upon the time at which it is added tothe iron. It is possible to 
make castings of identical analysis in the one case by bringing 
out a spout mixture of a certain amount of silicon, all of which 
has been added to the charge, and in another by adding from 
0.10 to 0.15, or even more per cent, of ferrosilicon resulting in 
the same total. In this case, however, it would be reasonable 
to assume that the Brinell hardness might be from 20 to 30 
points lower than where the ferrosilicon was not added. 

The writing of specifications for physical properties seems 
to be an improvement over writing chemical specifications 
only, but apparently there are also dangers in doing this unless 
due consideration is given to the type of iron being produced 
by the bidders. Hardness may be secured in the better grade of 
iron by increasing combined carbon just as in steel practice. 
This control of the amount of combined carbon in cast iron is 
more or less familiar to every foundry. It is sometimes dif- 
ficult to produce uniform hardness without extremely hard 
spots, but it can be done with carbon alone, i.e., without alloys, 
and with proper control any reasonable hardness specification 
can be met. Too much cannot be said about the necessity for 
proper carbon-silicon balance, regardless of the melting method 
used. For that reason it is quite essential that the laboratory 
control of a certain mixture for a certain purpose be given care- 
ful study with this ratio in mind. 

However, the fact that a casting shows a certain Brinell is 
not necessarily an indication that the type of hardness desired 
has been obtained. For instance, excessively high phosphorus 
will produce a phosphide which foundrymen call steadite. 
It is extremely hard and brittle—in fact, considerably more abra- 
sive than the cementite or iron carbide which imparts the hard- 
ness to the better grades of cast iron. In certain cases from a 
foundryman’s standpoint it is quite desirable to produce this 
hardness with phosphorus rather than carbon, because phos- 
phorus lowers the freezing temperature of the iron and at the 
same time imparts apparent fluidity, which makes it much easier 
to produce castings of light section. 

While it is generally true that wear resistance is directly pro- 
portional to Brinell hardness, it is not always so. Tests have 
been run which prove that irons as low as 170 Bhn may, in cer- 
tain Cases, outwear two to one other irons of 192 Bhn. The 
tests referred to were run on an Amsler machine, the disks being 
of the same material and were run dry. This may not indicate 
that the same results would be obtained if the tests had been 
run on disks of dissimilar material properly lubricated. It 
indicates that it is probably desirable to run a test, meeting as 
closely as possible the conditions encountered in service. 

The method of melting has much to do with the results ob 
tained, even with a specified analysis. Temperatures above 
ordinary cupola temperatures of approximately 2750 to 2800 F, 
have a profound effect on the resulting casting. It has been 
generally thought that at somewhere above 2900 F practically 
all of the carbon goes into chemical solution in the iron, and 
that in cooling to the freezing point and in freezing there are 
no nuclei provided around which graphite particles will crystal- 
lize. As a result superheated irons are apt to cool and freeze 
with a higher combined carbon and the formation of a much 
finer graphite. Hence it is possible to make a comparatively 
low-carbon iron which under high-temperature melting condi- 
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tions will show extreme hardness, and this iron can be much 
improved for machinability and for practical use by assisting 
gtaphitization by the addition of some material which pro- 
vides the nuclei necessary, such as silicon, nickel, titanium, 
and other alloys. ; 

In spite of the fact that the nuclei theory just discussed has 
been questioned and is not generally accepted by many metal- 
lurgists, the fact remains that superheating of irons under 
certain atmospheric conditions will produce, with the same 
chemical analysis, a finer grain size and a harder material, al- 
though the additional hardness cannot be accounted for in all 
cases by an increase in combined carbon. The use of titanium 
from the list of graphitizers mentioned seems to have some vir- 
tue in the fact that the resulting mixture has less tendency to 
chill. In other words, as a graphitizer, titanium used in the 
manner described, makes the material less sensitive to the rate 
of cooling, and it is thereby possible to produce dense iron in a 
heavy section with little tendency toward chill in the lighter 
section. 


HIGH-MELTING IRONS 


There are several arguments in favor of melting high-test 
irons by some means other than the cupola. The electric fur- 
nace has been chosen in many cases because it offers a higher 
degree of heat, a much better furnace atmosphere (by proper 
operation the atmosphere should be almost inert), and actual 
melting takes place much more slowly. The actual melting 
of the iron in the cupola is very rapid when the charge has 
fallen to the melting zone, whereas in the electric furnace the 
batch is brought up to heat rather slowly, promoting much 
better dissipation of all of the elements throughout the entire 
charge. Therefore, segregation is much less likely with this 
method of melting. 

Moreover, the effect of the variable in electric-furnace melt- 
ing of relative humidity of atmospheric air is eliminated. When 
it is considered that from 25,000 to 30,000 cu ft of free air are 
blown into the cupola blast to melt one ton of iron, the effect 
of the difference in moisture content from day to day on melt- 
ing conditions can be imagined. This is particularly true in 
the making of small intricate castings, such as piston rings, 
although it probably affects all castings more than is real- 
ized. In fairness to cupola operation it should be stated that 
means have been found for weighing the air blast for drying it 
to a desired humidity so that it is now possible to produce a 
chemical balance between the oxygen blown into the stack 
and the carbon in the fuel and the iron which complete the 
chemical reaction. However, this fine degree of control is only 
possible where the melting rate is fairly constant and where the 
same type of material is being produced consistently. Some 
of these finer control mechanisms are not entirely adaptable to 
a jobbing foundry. 

We must assume that in attempting to produce an iron for a 
specific purpose the foundryman is attempting to arrive at a 
definite relationship between the various constituents of cast 
iron in order to produce a given microstructure. In most cases 
this can be accomplished in one of two ways: (1) By adding 
certain alloys which have a chemical, or possibly a mechanical, 
effect in the molten state, and (2) by producing a casting having 
an entirely different microstructure from the one aimed at, fol- 
lowed by an annealing or other heat-treatment process to ob- 
tain the structure finally desired. There are reasons to believe 
that the latter process has much to offer, inasmuch as it is 
possible to deal with microstructures in a wide variety of sec- 
tions, whereas the additions of alloys to produce a definite 
structure usually leads to the difficulty that the results in heavy 
and light sections are entirely different. It is also true that the 
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heat-treatment method has so far given greatly superior proper- 
ties, and therefore that field seems most worthy of development 

As a specific case: It is possible to produce a casting which 
is entirely unmachinable in the as-cast condition, and it is en- 
tirely feasible to heat-treat this casting to produce all ferrite 
with a Brinell hardness of 130 to 140, elongation of 10 to 12 
per cent, and tensile strength of about 55,000 lb per sq in. This 
is malleable iron. The annealing takes less than 24 hours 
It is also possible by a different method of heat treatment to 
produce, in this same casting, an almost pearlitic structure con- 
taining some globular graphite, called ‘‘temper carbon.’ The 
tensile strength without alloys will run from 90,000 to 100,000 
lb per sq in. ultimate with an elongation approximately 4 to 
5 per cent, and Brinell hardness of approximately 228. 

Obviously, because of the pearlitic structure, this latter iron 
should be used in all cases where wear resistance is required 
The ferritic iron, which is in fact malleable, like all other malle- 
ables of the same type, will not show good resistance to wear 
The ferrite grains tear out and score; and particularly in brake 
drums it has been quite definitely proved that even quite small 
amounts of ferrite will give trouble from this standpoint. 

We have been taught, and properly, that in designing castings 
we should attempt to keep the sections as nearly uniform as 
possible. While we are not ready to back down from this stand 
at the present time, a technique of producing castings with ti- 
tanium as an alloy has been developed in which sections varying 
as much as from */; to 1 in. have been successfully cast with 
no change in Brinell hardness in any section. The heavy parts 
of these castings show exceptional soundness, just as would be 
expected if the iron had been calculated for that part of the 
casting. We are not ready to expound the theory because 
frankly the matter is more a case for conjecture than sound 
logic, but we do know from experiments that it is even possible 
to go far enough to reverse the conditions ordinarily expected 
and make the light section of the casting softer than the heavy 
section. This indicates the possibility of more economical 
design because sections can now be used as the engineer would 
like to use them, without the danger that the foundry will not 
be able to make the casting after it has been designed. 

Much has been done recently with extremely high alloy 
values to produce very unusual results, a specific instance being 
the use of chromium in percentages of 17 to 35 to produce an 
austenitic iron which will resist heat and corrosion. This 
iron, while not readily machinable, can be annealed, and in the 
annealed condition can be machined with good tools. For the 
purpose for which it has been prescribed it seems to fill a vital 
need. 


MORE COMPLETE SPECIFICATIONS 


The foundry industry would like to be in the position of an 
apothecary, taking the prescription of the engineer and produc 
ing for him that structure and that casting which will best serve 
his purpose. To do this it may be necessary to include in speci 
fications some other factors than those ordinarily used. It may 
be necessary to know, for instance, the highest temperature 
at which iron is stable, which will give an indication of its 
resistance to heat, the ‘‘weldability,’’ a description of the 
microstructure, the elastic limit, deflection, ultimate strength, 
transverse strength, shearing strength, impact strength, endur 
ance limit, in some cases permeability, resistance to various 
kinds of corrosion, modulus of elasticity, creep, and other 
factors which affect the foundryman only, such as temperature 
of freezing, shrinkage, and chill. It is by making the foundry- 


man completely familiar with all of the conditions under which 
the casting will be used that the ultimate result from gray iron 
castings will be obtained. 











The ENGINEER and HIS SOCIETIES 


By HUBER O. CROFT 


UNIVERSITY OF IOWA, IOWA CITY, IOWA 


HE present era is one of extensive inquiry. On every 
hand and from every corner we hear pertinent and un- 
comfortable questions, not only concerning the prevail- 
ing distribution of wealth and representative government, but 
also as to our systems of education, the policies of churches, 
the value of gold, and the importance of international trade. 
It is small wonder, then, that engineers living in turbulent 
political times should likewise reexamine their responsibilities 
toward their nation, their communities, and their chosen pro- 
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‘The organizations shown beginning at the bottom are: American 
Society of Civil Engineers, American Bar Association, Western Society 
of Engineers, American Institute of Mining and Metallurgical Engineers, 
The American Society of Mechanical Engineers, American Institute of 
Electrical Engineers, American Railway Engineering Association, 
American Society of Naval Engineers, Society for Promotion of Engi- 
neering Education, Society of Naval Architects and Marine Engineers, 
American Society of Heating and Ventilating Engineers, American 
Society of Refrigerating Engineers, Society of Automotive Engineers, 
fession. In any critical examination of the professional re- 
sponsibilities of an engineer one eventually comes not only to 
the question of the utility of our engineering societies in pro- 
moting the aims and broader aspirations of the individual 
engineer, but also to the type of engineering organization best 
fitted to fulfil and satisfy the demands of the individual. It 
is to the organization of engineering societies that this brief 
paper is devoted. 


MORE THAN 90 NATIONAL ENGINEERING SOCIETIES 


We, as engineers, are prone to express ourselves with humor- 
ous quips when discussing some of the present governmental 
agencies which are identified by means of symbols such as 
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TWENTY OF THE 


AAA, FFMC, and TVA, but after all there are only 65 such 
alphabetical organizations to deal with 125 million individuals. 
Engineers will be interested to learn that there are at present 
more than 90 national engineering organizations to represent 
perhaps two-hundred thousand engineers. It would behoove 
the engineer, then, to devote at least part of his effort to simpli- 
fying his own alphabetical, professional porridge before he 
specifies a simpler recipe for our national alphabetical soup. 

To illustrate the state of engineering affairs, Fig. 1 has been 
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NINETY NATIONAL ENGINEERING SOCIETIES 


Illuminating Engineering Society, American Society of Agricultural 
Engineers, American Institute of Chemical Engineers, American In- 
stitute of Consulting Engineers, Institute of Radio Engineers, Ameri- 
can Association of Engineers, American Medical Association, and the 
Society of Industrial Engineers. 

Many important engineering societies have been omitted from the 
foregoing list because of the lack of time to obtain the required 


information. Most of the enrolment figures given are for the year 
1929.) 
prepared. It reviews the development of some twenty engi- 


neering organizations. The horizontal scale is time and the 
vertical scale is membership. For example, the A.S.C.E., 
founded in 1852, has approximately 15,000 members enrolled 
at the present time. 

For purposes of comparison the American Medical Associa- 
tion, A.M.A., and the American Bar Association, A.B.A., 
are also shown. It is interesting to note that the A.M.A. 
has a membership which embraces almost the same number of 
individuals as the twenty engineering organizations shown. 

In consideriag Fig. 1, it should be remembered that prac- 
tically every one of our national engineering societies has an 
excellent and extensive organization. It is apparent that there 
must be an overlapping and duplication of activities of the 
various groups, not to mention clashes of individual commit- 
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tees attempting to accomplish the identical purpose, but each 
zealously jealous of obtaining the prestige when the objective 
has been obtained. 

The story of the excitable Civil War general, who, when in- 
formed that the ‘‘zero hour’’ of attack was at hand, immedi- 
ately leaped on his prancing charger and ‘‘rode off at once in 
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circle in the center represents ‘‘me’’ surrounded by the four 
existing engineering societies to which the individual would 
prefer to belong for technical reasons. An outer circle of 
society activities is covered by a connecting link with each 
society. This outer circle of activities may be taken as typical, 
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all directions” is a comparison apropos of the present organi 
zation of engineers with the exception that our profession is 
represented by ninety generals and ninety highly bred and ner- 


vous steeds 


HOW THE INDIVIDUAL ENGINEER IS AFFECTED 


The effect of this confused state of affairs upon the individual 


engineer is demonstrated graphically by Fig. 2. The heavy 


by and large The resulting contu- 
sion caused by four organizations attempting to give individual 
service in all activities is apparent. 

Some societies, such as the Founder Societies, have stressed 
the left half of the activities circle, labeled ‘‘psychic interest,”’ 
with little attention to the right half labeled *' 
est. 


of engineering societies 


material inter 
Other engineering societies such as the American As 


sociation of Engineers, the National Society of Professional! 
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Engineers, and the new born Federation of Architects, Engi- 
neers, Chemists, and Technicians, have primary interest only in 
the “‘material interest’’ semicircle of activities. That this is 
true is indicated by the following clauses taken from the ob- 
jectives of the following organizations: 

American Association of Engineers: ‘“The objects of the association shall 
be to promote the social and economic welfare of the engineer, to stimu- 
late public service in the profession, to encourage and develop the ef- 
ficiency of the engineer, and to promote unity in the profession.”’ 

National Society of Professional Engineers: ‘To advance and protect 
the economic and professional interests of the engineer, individually 
and collectively, through united effort, legislation, and public rela- 
tions.”’ 

Federation of Architects, Engineers, Chemists, and Technicians: ‘‘The 
objective of the Federation is to improve the economic status of the 
technical, professional, and sub-professional employee in private indus- 
try, work relief, or unemployed.” 


An engineer knows that if half of the ‘‘circle of activities”’ 
is removed the semicircular section remaining is inherently 
mechanically unbalanced, both statically and dynamically. 
The same principle may be applied to an engineering organiza- 
No organization which fails to balance psychic or 
technical interest with professional and material welfare can 
survive the test of time. 


tion. 


HOW THE MEDICAL AND LEGAL PROFESSIONS ARE ORGANIZED 


This fact was discovered long ago by the American Medical 
Association and the American Bar Association. Both of these 
organizations give suitable attention to both the technical 
field and to the development of professional welfare. 

The American Medical Association considers the technical 
features of the medical profession in its Scientific Assembly, 
while the political and professional questions are considered in 
the House of Delegates. The American Bar Association con- 
siders technical questions in both its Technical Sections and 
its Presidential Committees, while political and professional 
questions are considered in the General Council and the Tech- 
nical Sections. In both of these successful, professional or- 
ganizations professional interest is balanced with technical 
interest. 

It may be of value to note that a member of a Bar Associa- 
tion is represented in a State Council and may be a member of 
one or more Technical Sections, while a member of the Medica] 
Association is a member of the County Association and may 
be a member of one or more sections of the Scientific Assembly. 
The only difference between a ‘‘member’’ and a ‘‘fellow’’ is 
that the latter subscribes to the Journal. Each Technical Sec- 
tion is self-governing, in both the American Medical Associa- 
tion and the American Bar Association. 

The fact that the American Medical Association with a 
membership of approximately ninety-nine thousand is a flour- 
ishing organization should be sufficient stimulus to the engi- 
neers of this nation to apply some of their organizing ability 
to their own profession and coordinate the aims and efforts 
of existing societies, rather than befog issues with additional 
officers, committees, and representatives in other new organiza- 
tions. 


COORDINATION OF EXISTING SOCIETIES, RATHER THAN NEW SOCIE- 
TIES, IS THE NEED 


An unbiased engineer considering his societies will recognize 
two facts: (1) There are too many national engineering or- 
ganizations, and (2) existing societies should be coordinated. 

Before suggesting a plan of coordination for existing national 
societies it is well to consider what steps have been taken to 
date with this end in view. Fig. 3 shows simplified organiza- 
tion charts for the American Engineering Council and the Engi- 
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neers’ Council for Professional Development which represent in 
toto the efforts toward coordination at this time. 

Such coordination as these two different groups represent 
should be supported to the utmost by all members of the pro- 
fession. It would seem, however, that justified criticisms 
might be: (1) These organizations are not sufficiently repre- 
sentative (see Fig. 1); and (2) both the American Engineering 
Council and the Engineering Council for Professional Develop- 
ment should be branches of the same trunk. 

It is with sincere earnestness that a proposed organization 
chart for a national and rational Engineering Society is pre- 
sented in Fig. 4. This chart is sketchy because it is fully real- 
ized that the less appendages attached thereto, the less ‘‘dead- 
cats’ can be hung thereon. 

This chart is presented for the discussion and consideration 
of the engineering profession without comment. Each indi- 
vidual will have his own opinion as to representation, commit- 
tees, technical sections, and other details. 

The four types of membership, ‘‘fellow’’ (a licensed engineer 
who will be addressed as ‘‘Engineer Brown’’ similar to the 
custom in Europe and South America), ‘‘member’’ (‘‘Mr. 
Brown’’), “‘associate member,’’ and “‘junior’’ are suggested 
because of the ease of coordination of memberships of existing 
societies. 

Each technical section is self-governing with administrative 
officers as now exist who become representatives to a committee 
dealing with the proper interest. 

All engineering-society publications pass through the Board 
of Editors. This in itself might prove of beneficial economic 
value because of possible reduced manufacturing costs which 
might be expected by the proper dispatching of each technical 
publication through a central plant, either owned or leased 
by the society to maintain a uniform load curve. 

The question of dues is controversial to say the least, but it 
would seem reasonable to pay dues both to the state group and 
hence to the national organization, and likewise to as many 
of the technical sections as might be of interest to the indi- 
vidual. 

It is not the purpose of this paper to specify the details of 
organization of a central, unified, national engineering society, 
but rather to demonstrate an existing chaotic condition in 
engineering organizations, to restate the basic engineering 
truth that certainly no more new organizations are needed, 
and finally, to instigate among the members of the profession 
a healthy wave of discussion concerning coordination of so- 
ciety activities 


Engineering Not a Caste 


HE relation a profession bears to associated groups is 

especially pertinent to this matter of restriction. The 
profession of medicine is by law and tradition a caste; sharp, 
closed boundaries separate it from all other groups that touch 
on its functions. The profession of engineering is not a caste, 
but a vaguely bounded nucleus within a large body of tech- 
nical workers. No wall separates them as a membrane divides 
the yolk from the white of anegg. The gradations of function 
are imperceptible. The professional nucleus continuously is 
drawing into itself much of the superior talent in the outer 
mass, on the one hand, and on the other continuously sending 
out men into almost purely executive functions. Close these 
free paths of interchange between professional, executive, 
commercial, and producing groups, and in my opinion, the 
engineering profession quickly will sterilize itself—William 
E. Wickenden, Electrical Engineering, May, 1935, vol. 54, no. 5 
page 472. 
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The FOUNDATIONS of MARXISM 


A Review of Strachey’s “Nature of Capitalist Crisis” 
By HAROLD A. FREEMAN 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


T IS not surprising that high-ranking economic theorists— 
among them Bohm-Bawerk, Marshall, Edgeworth, Jevons, 
and Hayek—have had such little use for the contributions of 

Karl Marx and his followers. In fact, in the past 75 years, but 
few dispassionate students of economic science could find any 
semblance of logical correctness in the Marxian doctrine, nor 
any adequate criticism of their own doctrines in the writings 
of his supporters. For it is true that the idea of a proletarian 
society, conceived by Marx and Engels and enthusiastically sup- 
ported by a multitude of earnest followers, has been advanced 
with only faint pretense of theoretical economic background. 
Marx's followers have either expounded socialism as thor- 
oughly emotionalized propaganda, have established its validity 
upon the doubtful evidence offered by a materialistic interpreta- 
tion of historical evolution, or have finally presented Marxism 
as philosophical truth arising out of the dialectic of their patron 
saint, the German philosopher, Hegel. No one of them, how- 
ever, has attempted to do for Marxist economics what Adam 
Smith, Ricardo, Menger, and many others have done for capi- 
talistic economics—a thorough investigation of the inner me- 
chanics of the particular economic organization which each 
group maintains or implies is best adapted to the social progress 
of civilized nations. Nor have the Marxists ever successfully 
attacked capitalist economists on purely economic grounds 
after, for example, the manner of BOhm-Bawerk in his devas- 
tating theoretical criticism of the third volume of Marx's 
‘Capital.’ These deficiencies are excusable on many grounds, 
but, in any case, it is little wonder that bourgeois economists 
have looked askance at an economic doctrine that reached its 
startling conclusions by means of analysis which was either 
non-economic, or economic with such an absence of rigorous 
logic that even their least competent associates could success- 
fully attack it. 


LONG-TIME AND SHORT-TIME CAPITALISTIC ECONOMICS—THE BASIS 
OF STRACHEY'S ATTACK 


It is chiefly because of this that John Strachey’s recent book! 
commands the attention of all apologists for capitalism, 
whether drawn from the ranks of professional economists or 
not. Mr. Strachey is an English Marxist, and is the author of 
that famous guide book for the modern proletarian movement— 
‘The Coming Struggle for Power."’ In his previous writing 
Strachey stands out as one of the sanest of contemporary Marx- 
ists, but the contribution for which he deserves especial praise 
is his present work—the first adequate attempt to propound 
Marxism on the basis of a rigorous adverse economic analysis of 
contemporary theories of capitalist crises. To do justice to 
Strachey, many more pages than are at present available would 
be required. Accordingly, to avoid spreading the review thin, 
nothing will be said of Strachey’s positive argument for Marx- 


1**Nature of Capitalist Crisis,’’ by John Strachey. Covici-Friede, 
New York, 1935, $3. 

Fourth of a series of reviews of current economics literature affecting 
engineering prepared by members of the Department of Economics, 
Massachusetts Institute of Technology, at the request and under the 
sponsorship of the Management Division of Tae American Society oF 
MECHANICAL ENGINEERS. 


ism, which occupies half the book; the present discussion will 
concern itself entirely with the critical analysis of crisis theory 
on which Strachey establishes his advocacy of Marx. 

In his approach, Strachey strikes the theory of capitalism at 
its weakest point—its inability to explain crises with the same 
technique it employs to explain everything else. With the aid 
of the perfectly logical principle of final equilibrium, capitalist 
economists can fluently demonstrate any or all effects resulting 
from the operation of external or ‘‘long-time’’ forces—forces 
which have had sufficient time to ‘‘work themselves out.”’ 
But in the short-time world in which we unfortunately have to 
live, these forces never work themselves out; they become mere 
tendencies, completely overshadowed in importance by the 
manifold short-time phenomena of the business cycle. Hence, 
as Strachey correctly points out in his discussion of the theory 
of equilibrium: 


Their science shows conclusively how capitalism adapts itself, 
smoothly, automatically, perfectly, to the ever changing pull and push 
of demand and supply; how it maximizes the ‘‘net satisfactions’’ ob- 
tainable by the ee 34 Fee in a way impossible under any other 
system; how it uses all the factors of production, and uses them all the 
time....... Capitalist economic science establishes the impossibility 
of any interruptions of production, of any periods of dislocation or of 
waste—the impossibility, in a word, of crises. 


THE CRISIS THEORY OF SOCIAL CREDIT 


Since the capitalist economist proposes to explain crises not 
with his equilibrium technique but by special means, Strachey, 
using completely non-Marxist methodology, enters into an ex- 
tended critique of these special theories. His first choice is a 
dubious one—the theory of ‘‘Social Credit’’—best formulated 
by Major C. H. Douglas. It is likely that, even without the 
benefit of Strachey’s analysis, Major Douglas’ explanation of 
crises will be recorded in history merely as another example of 
confused thought; nevertheless, Mr. Strachey considers the 
matter carefully and well. 

Major Douglas’ explanation is grounded on the tragic para- 
dox of starvation in the midst of plenty; hungry people watch- 
ing foods dumped into the sea, underpaid laborers hired to 
burn wheat on the fields in order to force up its price, men with- 
out shirts while cotton is enthusiastically plowed under. How 
does this come about? The fault, as Major Douglas explains, 
is not in the productive end, for we already destroy part of what 
we produce. It must be consumption, for people obviously 
cannot buy all available goods at prevailing prices. But since 
these prices simply reflect costs of production (including profit) 
and since these costs of production constitute total private in- 
come, there should always be purchasing power in the hands of 
the people exactly sufficient in amount to clear all available 
markets of all goods. There should be no crises, slumps, or un- 
employment. But the point, according to the social-credit 
theorists, is that the entrepreneur's costs are divided into two 
great classes: (4) payments made to individuals in the forms of 
salaries, wages, dividends; and (4) all other payments, such as 
the costs of raw materials and bank loans. Consumer purchas- 
ing power over any commodity arises solely from the first flow 
of payments, whereas its price must be high enough to cover 
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both classes of costs. Hence, the people will always have a 
deficiency of income in terms of prices; they will, unless subsi- 
dized by additional ‘‘social credit,’’ never be able to buy all 
available goods. 

Strachey shows up clearly Major Douglas’ failure to dis- 
tinguish between goods available for immediate consumption 
and those which are to be used in the further process of pro- 
duction, for therein lies the logical fallacy of social credit. 
Consumer income is actually derived from both capital goods 
and consumers’ goods sources, whereas purchases for consump- 
tion purposes clear a relatively slight fraction of the total goods 
market. Thus, there is no necessity for identifying the total 
volume of costs (income) with the level of consumers’ goods 
prices. Unless Major Douglas proposes to feed workers with 
steel ingots his extension of social credit will serve merely to 
emphasize the basic nature of the difference in the two types of 
goods, productive and immediately consumable, which any ad- 
vanced economic society, whether capitalistic or not, is called 
upon to furnish. 


THE THEORY OF OVER-SAVINGS 


Strachey next deals with J. A. Hobson, who holds to the 
equilibrium theory of costs and prices, but asserts that de- 
ficiency of consumer income arises out of savings. Income 
would cover overall cost of production prices, says Hobson, if 
income receivers did not save a part of their receipts. But 
when they save, the unspent balance piles up on the one hand 
in the form of bank deposits and investments and on the other, 
as unsold goods which were produced by the efforts of the in- 
come receivers and should have been purchased by them with 
the payments received for those efforts. Hence, what is always 
needed is new money—additional purchasing power—equal 
in amount to that which has been saved; however, Hobson 
adds, such an inflationary credit policy can be limited simply 
by forcing down the volume of savings through redistribution 
of income along lines of greater equality, for it is well known 
that the percentage of income saved is much lower for those of 
average incomes than for those of high incomes. 

To answer this widely held ‘‘over-savings’’ explanation of 
crises, Strachey develops the bourgeois economist’s own argu- 
ments. If savings command a rate of interest, the return de- 
rived from entrepreneurical use of saved funds must exceed that 
rate. Such a return requires a differential between costs and 
selling prices and that differential arises out of improvements in 
producing and selling technique. Now it is admitted that the 
existence of savings has a depressive effect on price levels. 
Thus prices will fall, but costs must also decline if savings are 
to be profitably employed. But these costs are nothing more nor 
less than the incomes of consumers, which will accordingly also 
be lowered. Thus, if underconsumption prevailed at the outset 
as a result of savings, it will persist to the end. 


THE THEORY OF DEFLATION 


So far, Strachey has considered crisis theories requiring mone- 
tary inflation. But the classical capitalistic theory of revival 
is deflationary—it advocates liquidation and the reduction of 
costs to the dual ends of profit restoration and ultimate absorp- 
tion of idle productive facilities. Strachey, therefore, brings 
his critique of crisis theories to a close with an attack on the 
most competent exponent of this program of deflation, Dr. 
Friedrich von Hayek, of the London School of Economics. 

Hayek and his school believe that, far from saving too much, 
we save too little; that creditor interests, rather than ruining 
business by deflationary policies, ruin it by exercising ex- 
actly the policies that Hobson, Fisher, Keynes, and Douglas are 
advising them to exercise. The former claim that credit insti- 
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tutions do lend cheaply in depressions, either voluntarily or 
under governmental pressure, and if low private rates prove un- 
successful, the government is likely, for many good reasons, to 
enter the arena itself with one means or another of ‘‘distributing 
purchasing power."’ Furthermore, it is well established on 
theoretical and historical grounds that the resulting temporary 
inflationary prosperity with its attendant increasing spread be- 
tween costs and prices, its overdevelopment of the capital-goods 
industries, and its cumulating discrepancies between prices of 
capital and consumers’ goods inevitably ends in a disastrous 
situation for all interests concerned. Accordingly, Hayek and 
the deflationists assert that the only real solution of the crisis 
is to reduce the chief mobile cost elements—wages, taxes, and 
social services—thereby restoring the normal expansionary 
rate of profit which leads to an increased demand for labor and 
finally to increased purchasing power and prosperity. They 
advocate, in short, recovery by the paradoxical technique of 
immediate reduction of consumer purchasing power. 

In more technical language, crises are held to be the result of 
expansionist monetary policy, which sets the consumer-goods 
and capital-goods industries competing for factors of produc- 
tion. Because of the inevitable passage of all inflationary 
money to the consumer-goods market this competition can be 
supported only by increasingly large advances of credit to the 
capital-goods industry. Whenever such credit advances come 
to an end the investment rate must decline to that of voluntary 
savings, the demand for capital goods collapses, and the crisis is 
imminent. It is, therefore, essential to maintain the equality 
of the rate on capital investment which reflects profit possibili- 
ties and the rate on savings out of which these capital funds 
arise. 


INEVITABILITY OF CRISES UNDER CAPITALISM 


Strachey establishes the basis for his defense of Marxism by 
observing that even Hayek would be forced to agree to the in- 
evitability of crises under capitalism, for the factors most de- 
cisive for their control—the natural or equilibrium rates of 
investment and savings—are admittedly incapable of exact as- 
certainment. Furthermore, Strachey contends, the strict de- 
flationary program, requiring as it does a steady equality in the 
rates of investment and savings, solves the problem of depres- 
sion by holding the economic system in a permanent depression, 
for it is only a difference between the cost of the productive 
factors and the prospect for profit that leads enterprise to ex- 
pand. Such a strict and severe credit policy is unlikely to be 
maintained; accordingly, if the condition of low investment 
rate is not feasible, the deflationist in his effort to hold the 
necessary equilibrium between savings and investment is forced 
to the remaining alternative of increasing the rate on savings. 
But such an increase is obtainable only by a redistribution of 
income from the poor to the rich, because of the greater capacity 
of the latter to save, which brings us to a conclusion exactly 
opposite that reached by the ‘‘over-savings’’ adherents. Thus, 
Strachey, by accepting the argument for deflation and carrying 
it forward, shows that it is a doctrine whose logical outcome 
is the ever-increasing benefit of the capitalist class, that is, 
that deflation is a depression remedy which restores and main- 
tains an abnormal rate of profit at the ultimate expense of the 
remaining productive factor, labor. 

Upon this critique of crises, of which this review has given 
but a bare outline, Strachey develops his argument for Marxism, 
building around a satisfactory restatement of the labor theory of 
value—the thesis that all the value goods possess is equivalent 
to the socially necessary labor embodied in their production. 
Strachey’s analysis deserves, as do most things written by this 
leader of the theoretical Marxists, to be read in its entirety. 











ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 


AERONAUTICS 
European Aeronautic Motors 


HIS article is based mainly on the ex- 
hibits at the Paris Aircraft Show, 
November-December, 1934. From time 
to time comparison is made with the 
Paris Show of 1932. As to motor con- 
struction the following figures are given: 


Percent Percent 
in 1932 in 1934 
Vertical in-line motors 3.3 0 
Inverted motors. 13.1 31.8 
Double-row motors } init 20.6 
a ie, al 
Triple-row motors 0 
Radial motors. . ~«§ 2 46.0 
Double-piston motors 
Cheavy oil) ; 1.6 


From this it would appear that vertical 
in-line and W motors have practically dis- 
appeared. On the other hand, for low 
outputs the inverted in-line motors with 
air cooling have made considerable 
progress. For higher outputs the air- 
cooled radial motor has become a power- 
ful competitor of the liquid-cooled in-line 
motor. 

Whereas for years liquid cooling was 
preferred where high output per motor 
was desired there has been a notable 
change here lately. In the last years it 
would appear that the liquid-cooled mo- 
tor has not gone beyond 800 hp, while the 
air-cooled radial motor has passed its 
former limit of 500 hp and is being 
manufactured in sizes as high as 1000 
hp. Air-cooled in-line motors with out- 
puts in excess of 600 hp have been tried 
experimentally. 

As regards outputs the comparative 
figures are as follows: 


Paris, 1932, 1934 


per cent per cent 
50 hp and less.. é 0 1.6 
From 50 to 100 hp 8.2 7.9 
From 100 to 150 hp 26.2 25.4 
From 150 to 200 hp 6.6 11.1 
From 200 to 300 hp 8.2 6.3 
From 300 to 500 hp. 8.2 7.9 
From 500 to 1000 hp 32.8 28.6 
From 1000 to 2000 hp.... 8.2 9.5 
In excess of 2000 hp 1.6 1.6 


Motors of 250 hp are used less com- 
monly. It would appear that the great- 
est commercial field belongs to motors 
from 100 to 300 hp and from 500 to 1000 
hp 


Liquid Cooling or Air Cooling? The author 
refers to liquid cooling as intermediary 
cooling, because after all both kinds of 
motors are cooled by air. Air cooling is 
already superior to water cooling today 
and is making progress as shown in the 
following table: 


1932 1934 

percent per cent 
Liquid cooling jn ee 23.8 
Air cooling.. - ta5 76.2 


The reduction in power consumption in 
cooling, which means, in particular, 
losses due to resistance produced by the 
cooling surfaces, is attracting great 
attention. This subject has become of 
importance in view of the competition 
between air-cooled and _ liquid-cooled 
motors. 

The amount of power lost through the 
resistance of cooling surfaces, hereinafter 
referred to as power lost in cooling, can- 
not as a rule be determined on the test 
bench, and is rather difficult to measure 
otherwise. It may reach, however, 
quite important proportions. It is there- 
fore entirely improper to consider it as 
something as unavoidable as losses due 
to friction inthe motor. However, these 
cooling losses have been considerably 
reduced as a result of research. In rough 
figures the following power losses due to 
cooling, expressed in percentages of use- 
ful motor outputs, have been found: 


Per cent 
Radial motor, open... = . 40 
In-line motor, water-cooled 22 
Radial motor with ring cowling 15 


In-line motor, high-temperature cool- 

_ ing. : 8 
Compressed-air cooling... 6 
Surface cooling 3 


The simplest way to reduce the di- 
mensions of the cooler (radiator) and 
its resistance seems to be by employing 
high-boiling-point cooling fluids, such as 
glycol. It was found, however, that this 
method constituted a source of danger 
to pistons, lubrication, and piston rings, 
and to the reliability of motor operation 
generally over long periods. It was 
therefore found advisable not to use the 
full range of temperatures possible with 
the liquid and to limit the temperature 


of the cooling liquid to 120 C. Com- 
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paratively frequent losses of glycol 
through leakage have led to abandon 
ment for this particular use of assembled 
cylinder heads. 

In England considerable attention has 
been devoted to evaporative cooling 
Here again many difficulties appeared in 
the way of returning the condensed 
water. Asa result, the most enthusias 
tic advocate of evaporative cooling, the 
Rolls-Royce Company, has recently gone 
back to water-cooling in horizontal 
flight and uses evaporative cooling only 
in take-off. 


Widerstondsfioche 


e Glyko!-Kuhlung 
mame 0.0065 m* 


Wasser -Muhlung 


= 


Luf?-Kuhlung 


4 ees 7 


FIGS. 1 AND 2 COMPARISON OF AIR RESIS 
TANCES OF IN-LINE MOTORS (LEFT) AND RA 
DIAL MOTORS (RIGHT) SHOWING THAT AIR 
RESISTANCES CANNOT BE COMPARED EXCLl 
SIVELY ON THE BASIS OF FRONTAL AREAS, I 
BEING IMPERATIVE TO INCLUDE THE COOI 
ING PLANT AS PART OF THE ENTIRE AIR 
PLANE 
{Notwithstanding its greater frontal area, 
Fig. 1, the radial motor may be superior to 


the in-line motor, Fig. 2. (F = frontal 
area; cw = dimensionless coefficient of re- 
sistance; Kuhlung = cooling; Wasser = 


water; Luft = air; Widerstandsflache = area ot 
resistance. )] 


As regards the selection between the 
radial and the in-line motor, recent in 
vestigations on the subject of resistance 
of radiators have killed the argument 
which was used against the employment 
of radial motors for fast aircraft. Figs 
1 and 2 show a comparison between in 
line and radial motors greatly favored by 
advocates of liquid cooling. The author 
has already expressed himself in opposi 
tion to the view that frontal projection 
of a motor provides a measure of the 
total resistance of the power plant in an 
airplane. Today there are numerical 
data on this subject and the following has 
been determined with respect to the re 
sistance of water-cooled in-line and air 
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cooled radial motors. Von Schlippe 

Luftfahrtforschung, Vol. 11, 1935, No. 
7, p. 192) says that as regards their 
total resistance including radiators, the 
two kinds of motors are about equal. 
The air-cooled power plant is decidedly 
superior for single-motor medium-size 
aircraft. In this case it does not seem 
possible to reduce the water-cooled 
motor with its radiator to the same low 
resistance which is attained by the 
modern cowled air-cooled motors 

Such a reversal of opinion is expected to 
be of the greatest importance for de- 
velopment of aircraft. The liquid-cooled 
in-line motor, if it is not forced into a 
difficult location for reasons of resistance 
and weight, will have to pass in general 
to high-temperature cooling, in which 
case the temperatures of the paths swept 
by the piston will have to approach 
those of the air-cooled motor. 

In general, in practical flying circles a 
watchful attitude is maintained toward 
the employment of glycol and also to- 
In the ex- 
perimental models of the French De- 
woitine D 500 plane equipped with a 
700-hp Hispano engine, high-tempera- 
ture cooling was suggested and rejected, 
water-cooling being used 


ward evaporative cooling. 


instead. In 
the United States high-temperature cool- 
ing was tried in the Curtis A 8, but here 
again it was given up in so far as the 
standard type was concerned and the 
original Conqueror motor replaced by an 
air-cooled radial type. 

The air-cooled motor does not present 
the final solution of the problem. Its 
cooling surfaces (cylinders) must be 
directly exposed to the flow of air and 
therefore create additional resistances. 

The author enumerates various meth- 
ods by which the power losses due to re- 
sistances connected with air cooling of 
the motor can be reduced, naming such 
devices as the Townend ring and com- 
pressed-air cooling. 

The author briefly mentions the mat- 
ters of fuel and lubrication, Diesel en- 
gines, and variable-pitch propellers. 

Dr. of Engrg. M. Gosslau, Zeétschrift 
des Vereines deutscher Ingenieure, vol. 79, 
no. 19, May 11, 1935, pp. 569-578, 41 


figs 


INTERNAL-COMBUSTION 
ENGINEERING 
Combustion in an Internal-Combustion 
Engine 
N investigation of the combustion 
of standard and safety gasolines 
ind Diesel fuels was made in the com- 
bustion apparatus of the National Ad- 
visory Committee for Aeronautics under 


conditions of temperature that permitted 
ignition by spark with direct fuel injec- 
tion in spite of the compression ratio of 
12.7 employed. The influence of such 
variables as injection advance angle, 
jacket temperature, engine speed, and 
spark position was studied. 

The most pronounced result was that 
an increase in the injection advance 
angle (beyond a certain minimum value) 
caused a decrease in the extent and the 
rate of combustion. In almost all cases 
combustion improved with increased 
temperature. For an increase in engine 
speed, the rate of pressure rise increased 
and the time interval in seconds between 
injection and the spark necessary to ef- 
fect ignition was considerably shortened. 
Although all three fuels reacted in the 
same manner to these variable conditions, 
the reactions differed decidedly in extent. 
The results show that at low air tem- 
peratures the rates of combustion vary 
with the volatility of the fuel, but that 
at high temperatures this relationship 
does not exist and the rates depend to a 
greater extent on the chemical nature of 
the fuel. 

In tests with ordinary gasoline it was 
found that for a given injection advance 
angle combustion improved with rising 
temperature, but it was only for the 
earlier injection advance angles that the 
effect was considerable. At 1550 rpm 
a difference of 10 deg in the injection 
advance angle usually had a slightly 
greater effect than a 50 F change in 
jacket temperature. It thought 
that the failure to fire with very early 
injection might be due to the fuel pene- 
trating to the bottom of the combustion 
chamber before the occurrence of the 
igniting spark, which would leave little 
fuel in the top of the chamber near the 
spark plug. The spark plug was so 
constructed that the gap was about 
1/16 in. from the piston crown position at 
top center. It found that the 
burning was efficient, but in some cases 
slightly slower than with the spark in 
the center of the chamber. In general, 
it was found that although the distribu- 
tion of the fuel is a factor in controlling 
whether or not the spark ignites the 
mixture, it is not the only f 


was 


was 


factor. 
Until further work has been done there- 
fore the possibility that chemical change 
in the fuel is a determining factor 
should not be forgotten. 

In general, it would appear that the 
characteristics of the combustion of a 
liquid fuel are determined primarily by 
its history from the time of injection up to 
the instant of ignition. Apart from the 
mode of injection, the factors controlling 
the course of the combustion therefore 
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are: (1) The time interval between in- 
jection into the combustion chamber and 
the ignition, (2) the temperature and 
pressure of the air and fuel mixture during 
this interval. If the mixture of the fuel 
and air is heterogenous, the shorter the 
time interval (above a certain minimum) 
the better the combustion. As_ the 
temperature of the air is increased this 
effect of time is decreased. (A. M. 
Rothrock and Mildred Cohn, National 
Advisory Committee for Aeronautics, 
1934, Report No. 512, 17 pp., 17 figs.) 


The Wibu Method of Supercharging 


HIS process has been developed by 

two Polish engineers, Adam Wicin- 
ski and Jakob Bujak, and depends upon 
the use of the mass inertia of the air 
column in corresponding suction pipes. 
It differs from previously known meth- 
ods in which the resonant oscillations of 
the air column are utilized. 
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FIG. 4 COMPRESSION PRESSURE AT VARIOUS 


REVOLUTION SPEEDS 


The operation of the Wibu system is 
as follows: In the first portion of the 
suction stroke, the suction valve is 
slightly opened, and as a result a partial 
vacuum of about 0.3 atm is created. At 
about the middle of the suction stroke 
the suction valve is fully opened, and 
the vacuum causes a high air velocity 
up to 200 m per sec. 

Under these conditions the air column 
in the suction pipe shows a much greater 
increase in kinetic energy than with a 
resonant oscillation. 

Experiments were made on a single 
cylinder Diesel engine with a cylinder 
diameter of 300 mm, the piston stroke 
being 450 mm and the speed 300 rpm. 
An increase in power from 60 bhp to 75 
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FIG. 5 FUEL CONSUMPTION AND EXHAUST-GAS TEMPERATURE 


WITH AND WITHOUT SUPERCHARGING 


bhp was obtained and the mean pressure 
was increased from 5.65 to 7.1 kg per 
sq cm. Fig. 3 shows the variation in 
pressure in the cylinder and it is seen 
that the compression begins at 0.18 
atm. Fig. 4 shows the compression 
pressure at varying speeds of revolution. 
The dash line indicates the pressure with- 
out supercharging, and at normal load. 


gine the fuel pump, 


of about 85 atm (1200 


Fig. 5 shows fuel consumption and ex- ZI 
haust-gas temperature with and without as 
supercharging. Fig. 6 shows the cor- Lit | - 
responding power, fuel consumption, and \__J 


exhaust-gas temperature for the single- 
cylinder motor at 300 rpm with and with- 
out Wibu pressure charging. 

Several engines were equipped with 
Wibu supercharging system and it is dj 
claimed that in one installation with a q, 
four-cylinder motor, an increase from 240 
to 300 bhp was obtained and the mean hf — 4 
effective pressure rose from 5.65 to 7.1 kg ‘ 
per sq cm. 


dead center, sprays fuel through a nozzle 
into a glowing uncooled cup at a pressure 
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WITHOUT PRESSURE CHARGING 
shortly before top and the compression ratio about 14:1, 
while the combustion pressure varies 
between 45 and 50 atm (650 and 700 
Ib per sq in.). A heating coil serves 
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It is said that in comparison with other 
supercharging systems the cost of con- ? 
version of existing engines is small. ‘ 
All that has been done is to change the 2 
inlet-valve cams and the construction of ISS 
corresponding suction pipes, the dimen- | 
sions of which are determined from an bi 
empirical formula. It is claimed that : 
the Wibu system can be used in combina- \ 
tion with an exhaust-gas turbine and 
turbo blower. The blower improves the \ 
working of the Wibu supercharging sys- 
tem and the power and efficiency of the 
exhaust-gas turbine are raised on account 
of the increase of exhaust-gas content 
and consequently the higher air pressure 
developed in the turbo compressor. 
(Prof. Ludwig Eberman in The British 
Motorship, vol. 16, no. 182, April, 1935, 
pp. 28-29, 8 figs.) 


Small Four-Cycle Diesel Engines With seated 


Turbulence Chamber 







































































SECTION THROUGH KAMPER ENGINE WITH TURBULENCE CHAMBER 


URBULENCE-chamber engines on 
the Oberh4nsli principle are built by 
the Vomag-Betriebs-A.G. In this en- 


the coaction of the red-hot cup and the 
heated air, the atomized fuel is evapo- 
rated and burned. The compression pres- 
sure is about 25 atm (350 lb per sq in.), 


for starting the engine from the cold 
state. In the way of examples of Vomag 
engines, a four-cylinder, 4.4 by 6.30 in. 
automotive model, of an output of 78 





of 
gi 


cy 
in 


nes -& &§-- 7 @« 2 OFS OO UO 





Jury, 1935 


hp at 2000 rpm, and a two-cylinder 
model of 41 hp at 1500 rpm may be men- 
tioned. 

The Hansa-Lloyd and Goliath-Werke, 
of Bremen, also build Oberhdnsli en- 
gines and equip their trucks with them. 
A typical engine of their make is a four- 
cylinder, 3.4 by 5.6 in. model develop- 
ing 50 hp at 2400 rpm. 

The firm of Heinrich Kamper Motoren- 
fabrik A. G. has developed a turbulence- 
chamber process of its own. The tur- 
bulence or “‘turn-over’’ chamber is seen 
on the right of the cylinder cover in Fig. 
7. It is a flat cylindrical cavity whose 
axial length is about one-third of its 
diameter. During the compression 
stroke, the air enters tangentially from 
below and thereby is set revolving. The 
fuel is introduced radially into this air 
whirl from the horizontal injection 
nozzle and is deflected in the sense of 
rotation of the air. In this process, the 
jet is rendered more compact at the top 
and spread out below, and combustion 
sets in at the lower end of the chamber. 
Combustion in the turn-over chamber is 
incomplete, and the larger proportion of 
the fuel is both chemically and thermally 
prepared by this partial combustion. 
The main phase of the combustion process 
occurs in the cylinder after the piston 
has started to descend. 

The compression ratio in the Kamper 
engines is between 16:1 and 18.5:1, while 
the compression pressure is about 40 
atm (570 lb per sq in.) and the maximum 
combustion pressure 48.5 atm (680 Ib 
per sq in.). Owing to the high com- 
pression, the air temperatures in the 
turn-over chamber are correspondingly 
high, and the fuel is sufficiently heated 
in the large turbulence chamber. For 
this reason, cooling of the chamber has 
been retained. Bosch injection pumps 
and nozzles are used. The injection 
pressure is between 70 and 80 atm (1000 
and 1150 lb per sq in.) and the duration 
of injection 28 to 30 deg of the crankshaft 
motion. 

A typical engine of this make is a 
four-cylinder, 4 by 5.7 in. automotive 
model developing 40 to 60 hp at 1250 
to 2000 rpm. Starting is facilitated by 
heating coils incorporated in the turn- 
over chambers. For cases where the 
power starter is not needed, the firm has 
designed a gasoline hand-starting device 
with an auxiliary carbureter, which is 
used in conjunction with an additional 
combustion space. Kamper engines are 
in use for driving trucks, trailers, loco- 
motives, cranes, dredgers, boats, com- 
pressors, dynamos, and pumps and for 
similar purposes. 

Another type of turn-over chamber is 


employed by Jaehne, Landsberg/Warthe, 
on their horizontal small four-cycle 
Diesel engines. The combustion air is 
led past the injection nozzle during in- 
jection. The smallest single-cylinder 
engines of this type develop 9 to 10 hp 
at 900 rpm. (Dr. W. Lind in Engineering 
Progress, vol. 16, no. 3, March, 1935, 
pp. 62-70, 19 figs.) 


LUBRICATION 


Lubrication Research 


OME of the difficulties of deducing 
the properties of a lubricating oil 
from tests on a bulk sample of the oil are 
brought out in a technical paper issued 
by the Department of Scientific and In- 
dustrial Research (Great Britain), en- 
titled ‘‘A Study of the Boundary Lubri- 
cating Value of Mineral Oils of Different 
Origin."’ The report deals with the 
conditions such as exist just before the 
seizing of moving parts takes place, 
when the film of lubricating oil between 
two smooth bearing surfaces is so thin 
that the molecules on the outermost 
layer of one surface are within the range 
of the cohesive forces due to the outer- 
most molecules on the other surface. 
Such conditions, which are known as 
boundary conditions, become important 
when starting or stopping the engine. 
When they are present, the friction, it is 
stated, may be as much as 100 times as 
great as when the surfaces are separated 
by a fairly thick film of oil. 

The report points out that there is 
much experimental evidence to show that 
a solid surface can produce considerable 
modifications in the properties of a layer 
of liquid in contact with it. For in- 
stance, it can selectively pick out cer- 
tain constituents from a mixture such as 
an oil and concentrate them in the sur- 
face layer. Hence, the properties of this 
layer—for example, the effect of heat 
upon it—may be quite different from the 
properties of the oil in bulk. Although 
in the course of preparation the oils 
used in the experiments have been dis- 
tilled at high temperatures and were thus 
presumably in a state of chemical equi- 
librium, yet experiments described in the 
report show that a rise in temperature 
of the oil of, say, 18 to 30 C, when it 
occurs in the presence of an adsorbing 
surface, may be accompanied by a con- 
siderable amount of chemical activity in 
the boundary layer. Such properties of 
the layer cannot be predicted from a 
knowledge of the behavior of the oil in 
bulk, but it is just these properties which 
become all-important when, owing to 
the thinning of the oil film which pre- 
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cedes seizure of the bearing surfaces, 
boundary conditions arise. 

Another point revealed by the in- 
vestigations described is that of the 
role of wax in mineral oils. It is shown 
that wax, the presence ot which in an 
oil is generally regarded as detrimental, 
as far as fluid lubrication is concerned, 
May in certain cases exert a beneficial 
effect when boundary conditions arise. 

In most of the work described the 
bearing surfaces themselves were of steel, 
but a few experiments were carried out in 
which silver-alloy surfaces were used. 
In these cases it is shown that the at- 
tractive forces are more intense than with 
steel surfaces and that this fact may in- 
fluence the constitution and properties of 
the layer of oil in contact with the sur- 
faces. (The Steam Engineer, vol. 4, no. 8, 
May, 1935, pp. 315-316) 


MACHINE-SHOP PRACTICE 


The Reconditioning of Defective Metal 
Parts 


ETHODS of repairing cracks and 

other defects in various compo 
nents of machines and of reconditioning 
worn engine parts have recently been in- 
troduced in Germany under the names 
of the Gussolit welding process and the 
Schliha metal-spraying process. 

The Gussolit process is credited to 
Dr. Klopstock, who has developed a 
material described as a high-grade cast- 
iron alloy, which, it is understood, has 
an extremely fine structure and possesses 
a Brinell hardness of 230. Few data 
of a technical nature regarding the 
process are available for publication, but 
it is said that the part to be treated is 
heated to a temperature of from 850 to 
900 C, coated with a special flux, and 
Gussolit welding rod, which is supplied 
in the form of square bars, melted into 
the crack or defect. During the melting 
of the welding rod, it is stated, the 
flame employed is made to play in a di- 
rection parallel to the surface of the work 
in order to prevent excessive heating of 
the metal. Great stress, however, is 
laid to the fact that, owing to the mod- 
erately high temperatures employed, 
there is no distortion of the piece as a 
whole. 

It is stated that cracked motor-car 
cylinder castings, turbine casings, and 
other engine parts have been successfully 
repaired in this way, the Gussolit alloy 
penetrating deeply into the cavities 
and making a strong and sound joint. 
Defects in machine-tool components 
have also been made good by the use of 
the new process. One such instance 
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has been brought to notice; after the 
final grinding operation, three blow- 
holes were revealed on the working 
face of the arm of a radial drilling ma- 
chine. These were filled with Gussolit, 
and after regrinding, the arm, it is said, 
presented a uniform and smooth surface 
free from blemishes. The coating of 
porous high-pressure steam and hy- 
draulic-press cylinders, with a thin layer 
of Gussolit, has enabled them to with- 
stand pressures of 130 atm, whereas pre- 
viously leakage had occurred, owing to 
porosity, at pressures of 25 atm. Again, 
parts previously rejected owing to faults 
of workmanship, such as holes having 
been drilled too large, it is understood, 
have been successfully reclaimed by the 
application of thin layers of Gussolit. 

The Schliha metal-spraying process 
is used mainly for the building up and 
reconditioning of worn engine parts, 
such as internal-combustion-engine cyl- 
inders, shafts, and bearings. A special 
spray pistol is employed, and the metal 
to be sprayed, which may be steel, 
bronze, copper, or aluminum, is fed 
automatically in the form of wire to the 
nozzle where it is melted by an oxy- 
acetylene or oxyhydrogen flame and 
projected as a fine spray by means of 
compressed air at a pressure of 2.5 atm, 
the compressed air, incidentally, also 
having the effect of cooling the nozzle. 

While the data communicated are 
somewhat meager, a good deal of work 
appears to have been carried out in the 
spraying of steel, and it is claimed 
that a layer of steel of any desired thick- 
ness may be sprayed on to a worn sur- 
face and that the coating is very firmly 
adherent and can be subsequently ground 
to size. Steel sprayed on the surface 
of worn engine cylinders is stated to 
have a Brinell hardness of 300. As 
already indicated, the thickness of the 
sprayed layer may be controlled at will, 
but it is pointed out that this should not 
normally be less than 1 mm. 

The procedure adopted is that shafts 
and similar components are rotated in a 
lathe and the worn parts built up by 
allowing the spraying pistol to rest on 
the headstock of the lathe. For the 
internal spraying of hollow objects, 
nozzles bent at an angle are used, the 
piece being rotated in a lathe as before. 
For the spraying of worn internal-com- 
bustion-engine cylinders, however, an 
automatic machine has been designed, 
in which the spraying nozzle, and not 
the work, rotates. The rotating nozzle 
is driven by a small electric motor, so 
that the entire surface of the cylinder 
bore is capable of being given an evenly 
sprayed coating. Excess steel particles 


are removed by suction, the cylinder 
casting standing over a hole in the base 
plate of the machine; the suction, it is 
stated, also has the effect of cooling the 
cylinder. 

It is claimed that by the use of the 
machine a cylinder 2.95 in. in diameter 
and 5.79 in. long can be given a sprayed 
coating 1 mm thick in 25 min. For 
dealing with. multi-cylinder engines, 
machines equipped with up to 12 auto- 
matic rotating spraying pistols, it is 
understood, are being employed. It is 
stated that an engine having 12 cylinders 
of the dimensions quoted can be sprayed 
to a depth of 1 mm in 25 min. Another 
interesting application of the new process 
is that of spraying the piston-ring slots 
with steel as a precaution against prema- 
ture wear, and it is stated that a firm 
of aircraft-engine manufacturers is adopt- 
ing this procedure. (Engineering, vol. 
139, no. 3614, April 19, 1935, p. 415) 


Recent Developments in Worm-Gear 
Manufacture 


HE original is an extensive paper and 

space is lacking for its complete ab- 
stract. The author asserts that the 
greatest change that has taken place 
within recent years in connection with 
worm gearing is the adoption of high 
lead angles and close ratios. Whereas 
formerly worm gears were used out of 
necessity, because other types of gear 
reduction could not give large ratios in 
a compact space, nowadays worm gears 
are also used from choice on close ratios 
because they have new advantages over 
other types of gear drive. 

The paper shows how by utilizing 
certain recent developments in worm-gear 
manufacture a combination of old and 
new processes can be obtained which 
forms a sound basis for the manufacture 
of accurate worm gears. The author 
starts with worm-thread grinding. It is 
essential in a worm-thread grinder that 
some arrangements be available whereby 
the operator can true the grinding wheel 
and set the machine to produce accurately 
the required shape of thread, and also 
reproduce this thread shape easily on any 
future occasion. In the past the accuracy 
of the profile shape has been dependent 
to a great extent on the skill of the oper- 
ator, but the most recent developments in 
this art have overcome this difficulty 
and it is now possible to insure accuracy 
of profile shape in conjunction with con- 
venience of operation. Formerly the 
disk-wheel method of worm grinding was 
used. Nowadays the disk type of wheel 
has been eliminated, and the modern 
grinding wheel is of large diameter and 


MECHANICAL ENGINEERING 


annular form, grinding on the outside 
periphery which is in contact with one 
side of the worm thread. The advan 
tages of the annular wheel are set forth 
in the original article. One of these 
advantages is that with an annular type 
of wheel no after-polishing is necessary 

The hob is discussed next, the author 
saying that the biggest source of inac- 
curacy in worm-wheel hobbing lies in 
the probable inaccuracies of the hob, 
with some of these inaccuracies resulting 
from the reduced hob diameter. Among 
methods of improving the accuracy of 
hobbing are mentioned the use of a hob 
initially larger in effective diameter than 
the worm, as well as the improved radi- 
ally relieved hob. This leads the author 
to the discussion of the built-up hob, the 
A.E.C. hob, and an alternative method 
used by the author in which the normal 
gashing of the hob is retained and the 
teeth at the leading end of the hob are 
made progressively thinner than those at 
the trailing end. This is done by cutting 
the two sides of the hob teeth at different 
leads to the lead of the worm. If one 
side of the hob thread is cut and relieved 
at a longer lead and the other side at 
a shorter lead than that of the worm, 
it becomes possible to make the hob 
teeth vary in thickness from a thin tooth 
at the leading end to a thick tooth at the 
trailing end. The hob can then be 
ground at the true lead of the worm and 
this will give the effect of a varying land 
on the teeth, the land having a maximum 
width at the trailing end and disappear- 
ing part way along the hob. The ad- 
vantage of this arrangement is that it 
gives the same results as the A.E.C. hob, 
and in addition the hob may be gashed in 
the ordinary manner at right angles to 
the thread. Consequently the hob teeth 
are of constant length and the life of the 
hob is not limited by short teeth at the 
leading end. 

The hob must be profile ground after 
hardening to insure accuracy and silence 
of operation. The author mentions here 
the factors connected with the use of a 
pencil wheel and also the double-row 
hob. 

In discussing thread shape the author 
refers to his own design of thread form 
tested at the National Physical Labora- 
tory and also considers the effect of thread 
shape on methods of manufacture and 
the advantages of the straight wheel 
profile. 

Considering worm-gear manufacture as 
a whole, it will be apparent that the proc 
esses described help to overcome the 
difficulties which previously existed in 
worm-gear production. The thread 


shape which has been suggested lends 
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itself to accurate production in thread 
grinding by the new process, and at the 
same time it possesses in itself the mathe- 
matical features desirable for giving high 
efficiency and heavy load capacity. The 
new thread-grinding process eliminates 
the old trial and error methods of obtain- 
ing the thread shape, and does not leave 
everything to the skill of the operator. 
In addition to this, it has the advantage 
of increased output and better thread 
finish. The thread-grinding machine 
lends itself to the profile grinding of the 
new types of hob, the combination of the 
grinding machine and the hob insuring 
that the hob is always an exact replica 
of the worm. The hob itself is not af- 
fected by the resharpening, and thus is 
eliminated one important source of in- 
accuracy with the older types of hob, so 
that worm-wheel manufacture is placed 
on a sounder basis. 

With the old methods it was im- 
possible to proceed beyond a certain de- 
gree of accuracy because of haphazard 
methods and fundamental theoretical 
inaccuracies which could not be elimi- 
nated. However, once a sound basis 
founded on theoretically accurate meth- 
ods has been developed, it is possible to 
concentrate on improving the accuracy 
of machines and tools, and there is no 
limit to the accuracy which may be ulti- 
mately attained. (The Journal of the 
Institution of Production Engineers, vol. 14, 
no. 2, February, 1935, pp. 72-90, for 
the original paper, 12 figs., pp. 91-102 
for the first instalment of the discussion) 


MARINE ENGINEERING 
Wagner-Bauer Boiler 


HIS is a water-tube boiler with 
drums. No further details of design 
are given. 
In water-tube boilers installed in two 
fast Customs cruisers the heat-transmis- 
sion surfaces are, as follows: 


Heating surface (water-wetted), 


sq m. 10 
Portion ‘themed of the radiation 

heating surface, per cent.... 6.3 
Superheating surface, sq m... 13 
Air-preheating surface, sq m.. 80 
Evaporation, kg per hr. . 4000 
Steam pressure, atm. a 50 
Steam temperature betiiied super- 

i gcaiv'y 4 5: bis abla sie er 480 


(Part of a paper by O. Jebens, presented 
to the Institute of Marine Engineers in 
a Symposium on High-Pressure Boilers, 
abstracted through The Steam Engineer, 
vol. 4, no. 7, April, 1935, pp. 271-273 
and 312) 


Steamships With Main Boilers on Deck 


ROM time to time various methods 

have been employed to increase the 
cubic capacity of cargo steamers, because 
many kinds of cargo need space rather 
than deadweight carrying capacity. 
Considering the steam machinery for a 
ship, it is seen at once that the engine or 
turbine must be located at the bottom of 
the ship, except where electric trans- 
mission to the propeller shaft is used, 
but the boilers may be lifted on deck. 
The stability of the ship in loaded con- 
dition as a rule will be unaltered or 
somewhat greater, because the cargo 
filling the space where the boilers were 
will usually weigh more than the latter. 
In ballast condition, 
is a change. 


however, there 
With boilers on tank top 


‘. 
| COAL , BUNKER h 
| | 
} je. | 
FZ \ 
Vi _s 
! Fg eh Ben Vitti ' 





i/ BOILER ) Wa BOILER 

















HOLD 

















, i al 
a if ae . 
SECTION THROUGH BOILERROOM 


SE a er re al 
o 5 10 is 296 75 FEET 

















FIG. 8 CROSS-SECTION OF STEAMSHIP WITH 
MAIN BOILERS ON DECK 


as hitherto, the stability is too great, 
causing violent rolling of the ship. 
With elevated boilers the rolling motion 
becomes easier for two reasons: 

(1) The excessive metacentric height 
which most cargo ships have in ballast 
conditions is considerably reduced. 

(2) The moment of gyration of the 
ballasted ship is augmented, because the 
masses of the bunkers, boilers, etc., 


are placed further away from the axis of 


rolling. 

The axis of roll is also lifted somewhat 
higher above the ballast weights, where- 
by the moment of gyration is further 
increased. Actual experience shows 
that, for instance, the period of roll is 
augmented, in one case, from about 8 
sec for a complete roll to about 11 sec. 
The beam of the ship may now be in- 
creased somewhat and still no unpleasant 
rolling sets in; and thereby the ship 
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gets a marked increase of carrying power 
at shallower draughts, which is of con- 
siderable value when the ship has to 
go through lock gates and over river 
bars. 

Having the boilers on deck improves 
the working conditions for the stokers. 
The ash hoist becomes unnecessary, as 
the ashes can be passed overboard 
through a chute. The accommodations 
for the officers are improved by being 
collected into one house which is com- 
pact and easy to light and ventilate. 
There is no heat from boiler uptakes 
and no damage to cargo by heat either 
in hold or in spare bunker. The gain 
in cubic capacity for a given deadweight 
is found to be from 6 to 10 per cent, the 
latter figure referring to fruit carriers. 
The gain in capacity must be judged 
in comparison with the percentage of 
capacity which brings the earnings, 
hence in many cases the dividends may 
be multiplied by this increase in capacity. 
No increase of steel and other weights is 
caused, and the cost of construction is 
probably reduced. It has been found 
best to support the boilers on longi- 
tudinal girders and bulkheads resting 
in their turn on bulkheads below and 
suspended from bulkheads above the 
boiler deck. By this means the space 
below the boiler room becomes quite 
unobstructed. 

The rolling motion causes no serious 
wash inside the boilers as proved by 
model experiments as well as by the 
fact that the superheat temperature of the 
steam does not fall during heavy rolling 
motion, which it would do if the super- 
heat had to deal with water carried 
along by the steam. 

The register tonnage per cubic foot of 
cargo capacity is only slightly smaller 
than before, as might be expected, the 
advantage amounting to about 1 to 2 
per cent. Usually, when the engine 
space below the tonnage deck does not 
amount to 13 per cent of the gross ton- 
nage, part of the engine and boiler 
trunks above this deck is registered 
and added so that the 32 per cent re- 
duction is secured. A pure deadweight 
carrier with elevated boilers will there- 
fore be at some disadvantage in this re- 
spect. The type has proved perfectly 
seaworthy in the severest weather, and 
the boilers and engines have worked 
normally. 

Boiler installations in accordance with 
those just described have been made 
on several vessels. The discussers were 
mainly in agreement with the ideas 
of the author. In the discussion the 
author added that the steamboat Felix- 
Henri had crossed the Bay of Biscay 
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32 times and had kept to service at times 
when some of the big liners had been 
obliged to heave to. Even during the 
first year when she was comparatively 
lightly loaded the rolling had not been 
reported to be more than 18 deg either 
way. On the question of the necessary 
draft the author stated that in one case 
in which the coal was not first class, the 
funnel had not enough draft and another 
5 ft were added to its height. (CK. G. 
Meldahl, paper before the Institution of 
Naval Architects, abstracted through 
The Engineer, vol. 159, no. 4137, Apr. 26, 
1935, pp. 431-432, 1 fig.) 


MEASURING INSTRUMENT 


A Turbulence Indicator Utilizing Dif- 
fusion of Heat 


ie cooperation with the National 
Advisory Committee for Aeronau- 
tics, the National Bureau of Standards 
for several years has been studying 
methods of determining the turbulence in 
wind tunnels, especially by the “‘hot- 
wire’’ method and the sphere method. 
This paper describes a third method. 

The effect of turbulence upon the diffu- 
sion of heat from a small electrically 
heated wire in an air stream was inves- 
tigated. The turbulence of the stream 
was introduced by a series of geometri- 
cally similar screens placed one at a time 
across the upstream section of the tunnel. 
With the wire set at various distances 
from the screens, curves of temperature 
distribution were obtained by traversing 
the heated wake at a distance of 2 in. 
behind the wire with a small thermo- 
couple. A single relation was found to 
exist between the width of the wake at 
half maximum and distance in screen wire 
diameters from the several screens. The 
correlation of width at half maximum 
with percentage turbulence, as measured 
by the hot-wire method, could be repre- 
sented approximately by a single curve. 
(G. B. Schubauer, National Advisory 
Committee for Aeronautics, 1935, Report 
No. 524, pp. 1-5, 5 figs.) 


MOTOR-CAR ENGINEERING 


Air Resistance and the Automobile 


XTENSIVE tests on the air resis- 
tance of automobiles of various 
shapes have been carried out in France. 
The tests were carried out in a rectangu- 
lar wind tunnel at velocities varying 
from 6 to 30 m per sec. The formula for 
air resistance is R, = C,S V?/16. 
From the results of these tests the 
values of C, have been determined by 


calculation, adopting an average effi- 
ciency of axles and tires of 0.95. The 
calculated values and experimental val- 
ues seem to have come pretty close to 
each other. It was found that the mere 
change of contour of the coach work 
within certain specified limits only con- 
tributes an improvement in the coefhi- 
cient of resistance of 5 per cent and an 
improvement in the speed of 1.6 per cent, 
which appears to be altogether negli- 
gible. 

Tests were next made with various 
types of wings and it was found that by 
dispensing with the wings, which does 
not appreciably reduce the maximum 
suction, a considerable drop in the coeffi- 
cient is brought about, and that the re- 
duction in resistance thus obtained is 
about seven times as great as that pro- 
duced by modifying the profile. It 
would therefore appear that there is 
great promise in work on mud guards 
and running boards. 

A gain of 11 per cent was found by 
cutting out the headlights in their pres- 
ent form and a trial on the track with 
faired lights and without lights brought 
an increase in speed of 5km perhr. The 
speeds rose from 137 to 160 km per hr 
for a Maybach pattern profile on remov- 
ing headlights, running boards, and 
wings, and fairing the bottom of the 
vehicle. 

The author illustrates the applications 
of his theory by a reference to a car- 
nivorous insect found in the Landes and 
called Cocktail Beetle. It can run fast 
and when it runs it raises itself a fair 
amount on its legs, which are rather long, 
and bends its body in a profile which is 
concave toward the top with its head 
lower than its abdomen. In brief, like 
an aircraft wing inverted. 

The flow of air around a vehicle is 
diagrammatically illustrated and ana- 
lyzed. The conclusion to which the 
author comes is that under the present 
circumstances, it is a question whether it 
is really proper for the modification in 
the shape of coach work to lay claim to 
aerodynamic considerations or whether 
they should not simply be put under 
commercial headings. (The first part of 
a paper by M. Andreau. Original pub- 
lished in the Journal of the French So- 
ciety of Automobile Engineers and ab- 
stracted through The Automobile Engineer, 
vol. 25, no. 329, February, 1935, pp. 75- 
77, 7 figs.) 


Progress of the High-Speed Diesel 
Engine in Road Transport 
HIS extensive paper deals primarily 
with British conditions. There the 
four-stroke airless-injection high-speed 
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Diesel engine has proved to be an enor- 
mous success as power unit for road 
transport vehicles. 

An estimate arrived at from all the 
most reliable sources of the number of 
Diesel engines now on the road in Great 
Britain shows that there are between 
10,000 and 11,000 of them. Approxi- 
mately one-half of these are of the direct 
injection type and the remainder 
equipped with various designs of pre- 
chamber head. From this point of view 
an interesting collection of 24 different 
designs of combustion head, some of 
them now defunct, is shown in Fig. 6 of 
the report, not reproduced here. The 
largest manufacturers in England are 
Gardner with 3000 engines, Layland with 
about 2000, and A. E. Co. with about 
1900. 

The largest engine available for road- 
transport vehicles in Great Britain is the 
Mercedes-Benz six-cylinder engine de- 
veloping 120 bhp at its maximum speed 
of 1600 rpm, and the smallest engine is 
the Perkins four-cylinder developing 42 
bhp at 3000rpm. This shows that Great 
Britain now has a very complete range of 
sizes of engine available. Data as to 
European conditions are briefly given in 
the original paper. 

The author discusses in detail the direct 
injection vs. pre-chamber. The disad- 
vantages of the latter are a complicated 
and expensive cylinder head with its 
added weight and liability to heat dis- 
tortion and cracking; heat losses amount- 
ing to 15 per cent resulting in reduced 
power output and economy; higher com- 
pression ratios resulting in increased 
maximum pressure and the need for 
heavier parts; increased lubricating-oil 
consumption; and often incomplete 
scavenging of the chamber. 

The pre-chamber or ‘‘two-cell’’ engine 
is in fact, ‘‘an easy way out of a difficult 
job,” the difficulty being the designing of 
a smokeless, efficient, reliable, and 
smooth engine, fit to be used on the 
highways as the power unit for all types 
of vehicle. It is claimed that a two-cell 
engine only requires a comparatively 
low injection pressure, say, 1000 lb per 
sq in., and that the sprayer nozzles can 
be made with one single orifice of fairly 
large diameter. If these can be claimed 
as advantages, they are, in the opinion of 
the author, insignificant and of no im- 
portance. There are thousands of one- 
cell engines now working with injection 
pressures of about 2000 to 2300 lb per 
sq in. and sprayers with three or four 
orifices of only 0.01 in. diameter, which 
are entirely satisfactory and trouble free. 
There is ample evidence today that the 
maintenance and renewal costs of a two- 
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cell engine are very considerably higher 
than those of the one-cell design—in 
some cases as much as 200 per cent 
higher. The author believes that the 
final verdict will be in favor of the open- 
chamber engine. On the other hand, 
however, in Germany over 95 per cent 
are two-cell engines. 

Heat distortion is proving to be a most 
serious matter with certain pre-chamber 
engines. There is an engine now running 
which has required no less than six new 
cylinder heads in less than two years’ 
service. 

Maintenance costs and selection of en- 
gines are discussed in considerable de- 
tail. Experience has shown that for a 
well-designed engine one may expect the 
cylinder wear to be 0.001 in. for every 
4000 to 5000 miles run, and that big ends 
may be expected to last for 80,000 to 
100,000 miles in an omnibus and con- 
siderably more in a long-distance goods 
vehicle, as is also the case with main 
bearings. These results are generally 
better than those obtained by gasoline 
engines. In August last, a lorry engine 
belonging to a Sheffield firm was sent in 
for overhaul for the first time, after 
having run over 128,000 miles without 
failure of any sort. The total cost of 
repairs and spares was 35s for a period of 
two years and one month. The engine 
was twice decarbonized. Cost of over- 
haul was £54 which equals 0.10ld per 
mile. 

The haulage contractor can economize 
from 70 to 80 per cent of his fuel bill by 
employing Diesel engines instead of 
gasoline, in addition to which time is 
saved in refueling vehicles. On the 
other hand, Diesel-engine vehicles in 
England have to pay a higher road tax 
than gasoline vehicles, but the. extra 
tax charged for a Diesel engine i really 
small when compared with the e .onomy 
which can be effected in the ‘.el bill. 
This matter of economy is presented in 
the original article in the form of a run- 
ning analysis and a table. [he large 
majority of these engines develop their 
highest torque and brake mean effective 
pressure as well as best fuel consumption 
at between 1000 and 1200 rpm. This 
speed is also best for a smokeless exhaust 
in most engines. The ideal arrangement 
would be to provide a five-speed gear 
box, the fifth speed being an over-drive. 

As regards crankshafts, gasoline-engine 
makers are now producing Diesel engines 
which are interchangeable with gasoline 
engines, thus simplifying the work of 
conversion of a vehicle to Diesel power 
by economizing the costs of fitting, but in 
doing this they are obliged to keep the 
crankshafts to exactly the same length 


as that of the gasoline engine. If the 
gasoline-engine shaft was designed with 
a normal margin for safety, the Diesel 
shaft of the same length must have either 
little or no margin for safety or even be 
in danger of failure sooner or later. 

The great demand for these engines 
has brought about a new phase in motor 
work, i.e., that of converting existing 
gasoline vehicles to Diesel power. This 
has given employment to a great number 
of men and is most interesting work. It 
requires a considerable knowledge of the 
manufacture of motor vehicles and a 
considerable skill in designing and fit- 
ting. The enormous number of different 
types of chassis calls for ingenuity and a 
lot of patience. Chassis have to be 
lengthened in many cases, and the fitting 
of the clutches and the suspension are 
sometimes difficult and costly. Recently 
a six-wheeled steam lorry was converted 
to Diesel power. The work was almost 
impossible to estimate. The result was 
highly satisfactory from the owner's 
point of view but not from that of the 
contractor who carried out the work. 

The new Road Rail Traffic Act (Brit- 
ish) now limits the haulage contractor's 
fleet tonnage to what the Commis- 
sioners have assigned to him and granted 
him licenses for. He cannot increase his 
fleet. With a gasoline-engined fleet, the 
contractor's only hope of increased earn- 
ings is by converting his fleet, and it 
would appear that this conversion indus- 
try, as well as the proprietary engine 
manufacturer, should benefit consider- 
ably by this. 

In the case of a well-known gasoline 
engine “‘A,’’ the contractor obtains 
85.86 gross ton-miles per gallon for 
1s 3d, equal to 5.72 for 1 penny. 

In the case of the Diesel ‘‘B,’’ he ob- 
tains 320 gross ton-miles per gallon for 
5d, which is equal to 64 for 1 penny, or 
over eleven times as much. 

Sufficient mention has been made of all 
the advantages of the high-speed Diesel 
engine. One must, however, also men- 
tion the one real disadvantage of the 
Diesel. The worst made gasoline en- 
gine, even in bad order, will rarely emit 
dense volumes of heavy black smoke from 
its exhaust. The best Diesel engine in 
the world can easily be made to smoke. 
Bad or dirty fuel oil, the injection pumps 
in bad order, dirty sprayers, clogged pis- 
ton rings, a stretched timing chain, car- 
bon deposit in the cylinders and heads, 
and other simple causes will result in a 
smoky exhaust, more or less dense and 
more or less black, according to the 
trouble which causes it. When one 
comes to a poorly designed engine in 
addition to these troubles, then it is in- 
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deed disastrous. This does not neces- 
sarily imply that a Diesel engine re- 
quires more routine attention than a 
gasoline engine, but it does imply that 
the Diesel requires regular and ordered 
attention to keep it in good tune, and 
with a clear exhaust, vitally necessary 
for road transport work. At the pres- 
ent time there does not seem to be much 
hope of eliminating this disadvantage, so 
that it is of the greatest importance that 
all Diesel-engine users should insist on 
giving the engines the necessary atten- 
tion, and thus avoid smoky exhausts. 
(Maj. W. H. Goddard, Diesel Engine 
Users Association Report No. $123, 
original article pp. 1-26, 24 figs., and 
discussion, pp. 27-34) 


POWER-PLANT ENGINEERING 


Changes in Existing Plant 


HE title of the original article is 
‘Power Developments at the Jersey 
City Plant of Colgate-Palmolive-Peet 
Co."’ It deals with the reconstruction of 
a plant undertaken to bring about its 
modernization and improvement in efh- 
ciency. In this connection a story is told 
to the effect that when electric power was. 
introduced at the Colgate plant in Jersey 
City about 1896 an error in arithmetic, 
destined to have far-reaching conse- 
quences, was made. A 25-cycle belt- 
driven generator was installed and im 
figuring the pulley diameter somebody 
slipped up exactly 10 per cent. The 
result was a frequency of 27!/2 cycles 
which is still standard for about two- 
thirds of the plant's power consumption. 
In 1928 a new process for soap 
powder called for additional power in 
excess of the plant’s generating capacity. 
In order to get the process in operation 
without delay it was decided to purchase 
power from the Public Service Company. 
The Colgate Company considered convert- 
ing the purchased energy to parallel their 
own. With a direct-connected motor- 
generator set the least number of poles 
that would change the frequency exactly 
was 48 on the 60-cycle and 22 on the 
27'/rcycle and at 150 rpm. This would 
have been a bulky and expensive ma- 
chine. A 22- and 10-pole machine would 
make the change from 60 to 27!/4 
cycles and would have meant a scant 1 
per cent slower motor speeds throughout 
the plant but even 1 per cent was enough 
to raise objections from production de- 
partments. 

Some of the company’s executives did 
not look with favor on the idea of invest- 
ing more money in 271/>-cycle equipment. 
In the years since the first generator in- 
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stallation they had witnessed how the 
old controversy of 25 vs. 60 cycles and 
2-phase vs. 3-phase current had been 
settled in favor of 60 cycles, 3 phase. All 
realized the advantages of adhering to a 
common, nation-wide standard, and it 
was finally decided to introduce a second 
power system in the plant of 60 cycles, 3- 
phase, 440 volts, distributed over three 
wires. At the same time it was decided 
to run the new distribution lines so that 
in the majority of future installations 60- 
cycle, 3-phase motors could be used. 
Since 1928 the 3-phase system has grown 
to exceed 1000 hp of installed motor 
capacity and 135 kw of installed lighting 
load. 

The question of natural vs. induced 
draft was hard to settle. Two brick 
stacks were available, 275 ft high and 
maintained in good condition. It seemed 
odd to use induced draft in connection 
with such stacks. A  low-draft-loss 
boiler and economizer could be made as 
efficient as a high-draft-loss installation 
by increasing the heating surface. The 
cost of this additional heating surface 
would only slightly exceed the cost of an 
induced-draft fan. It would be desirable 
to avoid the use of the fan from the view- 
point of maintenance, reliability, and 
power usage. On the other hand, in- 
duced draft could more easily be ar- 
ranged to provide draft for overload 
conditions, and fitted better into the 
available space. Overload possibilities 
with induced draft finally determined the 
decision. (Gosta Anbro, paper before 
the Metropolitan Section, A.S.M.E., 
New York, March 27, 1935, abstracted 
through Combustion, vol. 6, no. 10, April, 
1935, pp. 27-29) 


Revamping of Connors Creek Station 


HEN Connors Creek Station of the 

Detroit Edison Co. was built 
some twenty years ago it represented 
the last word in power-plant engineering 
technique of its time. It was always 
maintained in excellent condition and 
was singularly free from shutdowns. 
In the twenty years of its existence, how- 
ever, the art of engineering has advanced 
From good practice of around 17 per 
cent in 1914 thermal efficiencies had 
increased to around 30 per cent in 1934, 
and whereas the heat rate of Connors 
Creek Station was around 19,000 Bru 
per kwhr, in 1934 stations 12,000 and 
13,000 Bru were common. This led 
to the consideration of the possibility of 
improving the performance of the sta- 
tion by the use of modern equipment 
The problem of conversion was not 
an easy one as the new equipment had 


to be fitted into the old shell, and as 
much of the existing equipment as 
possible retained. There is no space 
here to give a complete description of the 
changes made. The article is of great 
value to those who are interested in the 
history of power-plant engineering and 
the progress made in the last twenty 
years. 

The changes in the boiler room were 
particularly thorough. New boilers ca- 
pable of producing 330,000 lb of steam per 
hr were installed and occupied prac- 
tically the same floor area as the old 
units which had a capacity of 121,000 
lb of steam per hr. The boilers are 
equipped with double-ended underfeed 
stokers provided with a system of 
metered air control. The entire control 
of the boiler is centralized on the operat- 
ing floor level. The boilers proper are 
special double-ended, bent-tube,  six- 
drum, VV-type units having 26,746 
sq ft of heating surface in the boiler 
proper. The furnaces are completely 
water-cooled. 

The superheater elements installed in 
the two halves of the boiler are different 
—one consisting of a semi-radiant super- 
heater in the first bank ot tubes, and the 
other of a similar element in the first 
bank and a convection-type superheater 
in the second pass. This compensating- 
type superheater arrangement provides 
a constant steam temperature of 850 F + 
5 deg over the entire operating range. 

The most interesting feature of the 
new installation is the automatic zone 
air control. This cannot be described 
because of lack of space. (Power Plant 
Engineering, vol. 39, no. 4, April, 1935, 
pp. 206-213, 10 figs.) 


Brown Boveri Water-Jet High-Voltage 
Electric Boiler 


HE principal feature of this boiler 

is that the electric current does not 
flow from immersed electrodes through 
a stationary column of water, but is con- 
ducted through water jets which radiate 
continuously trom nozzles to the elec- 
trodes. 

The construction and mode of opera- 
tion of the Brown Boveri boiler is shown 
in Fig. 9. 

A Brown Boveri electric boiler plant 
comprises essentially the boiler proper a4 
with the built-in electrodes 5, the ejec- 
tion pipe c, a circulating pump with 
driving motor d, the usual boiler fittings, 
and the requisite switch-gear. 

The three electrodes are arranged con- 
centrically about the vertical ejection 
tube, which is provided with three 
vertical double rows of nozzles. The cir- 
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culating pump delivers water from the 
lower part of the boiler into this tube, 
from which it flows in jets against the 
electrodes. These are so constructed 
that the water impinges on their inner 
surface tangentially, spreads over the 
inner surface, and is so deflected that it 
acquires a circulatory and downward 
motion. In this way, dispersion of the 
water, which would interfere with the 
electrical conductivity, is prevented 








A-—A 


FIG. 9 THE NEW BROWN BOVERI ELECTRIC 


BOILER 
(a = boiler; 6 = electrode; c = ejection pipe; 
d = circulating pump; ¢ = throttle (regulat- 
ing) valve; f = feed valve; g = safety valve; 
4 = steam outlet. ) 


At the same time the centrifugal effect 
assists the separation of the steam pro- 
duced from the water. At their lower 
ends the spiral electrodes become circular, 
so that a tubular extension is formed 
which collects the water caught in 
the spirals and concentrates it into a jet 
A sheet-metal cross is built into this 
tubular extension to stop the circulatory 
motion so that the water leaves the elec- 
trode at the bottom in a compact down- 
ward jet. The water then impinges 
on a perforated plate, which is elec- 
trically connected with the side of the 
boiler, and flows through it into the 
collecting chamber. 

In this manner two current paths of 
constant length are formed per phase 
between the neutral point of the elec- 
trical system, to which the boiler shell 
and the injection tube are connected, 
and the electrodes, one of the paths being 
between the ejection tube and the elec 
trodes, the other between the electrodes 
and the aforementioned perforated plate 
Along both of these paths the water is 
heated and evaporated due to its own 
resistance. Under normal operating con 
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ditions the jet water is practically at 
evaporation temperature, as it flows con- 
tinually in a closed circuit, so that a 
very small portion of the electrical energy 
supplied is used for heating the water, the 
major portion being used for evaporating 
it. 

The only ceramic parts are the bushing 
insulators and they are not immersed 
in the water. This is important, as 
ceramic parts which are immersed in 
boiler water are subject to attack and 
have to be replaced from time to time. 
The output of the boiler is regulated 
exclusively by varying the quantity of 
circulating water. According to the 
output a greater or smaller number of 
nozzles is used. The boiler is normally 
built for operation with three-phase 
current of 2000 volts upward, and for 
outputs of 300 to 10,000 kw and more. 
A somewhat different arrangement de- 
scribed in the original article is recom- 
mended when the boiler is to be used as a 
hot-water boiler for supplying bath, 
heating installations, etc. The regulat- 
ing gear and the electrical equipment are 
described in detail, this being followed 
by a comparison of the running costs of 
coal- and oil-fired boilers and the new 
electric boiler. CE. Soldati, The Brown 
Bovert Review, vol. 22, no. 3, March, 
1935, pp. 71-76, 8 figs.) 


PUMPS 
Diesel Pump Drive 


METHOD of driving vertical deep- 

well pumps from Diesel engines by a 
simple flat-belt quarter-turn drive em- 
ploying only one idler pulley instead of 
two has been developed by Harry M. 
Perry, of Los Angeles, Calif. The de- 
signer asserts that by a suitable tilting of 
the pulley combined with a correspond- 
ing cross angle of it in relation to the 
slack belt, this drive will run back- 
ward without running the belt off 
either pulley. This has heretofore been 
the cause of the ruin of belts in the event 
that the weight of water in the pump 
ran the pump backward when the en 
gine stopped with no attendant at hand. 
Diesel Power, vol. 13, no. 3, March, 1935, 
pp. 168, 1 fig.) 


RAILROAD ENGINEERING 


The Burlington ‘Zephyr’ Streamlined 
Train 


AS A background for the introduction 
of high-speed trains the author 
points out that the revenue from passen- 
ger business on the Class I roads dropped 
from $1,289,000,000 in 1920 to $329,000,- 


000 in 1933. He points out further that 
while railroads never made much out of 
their passenger business, the loss of such 
an enormous sum was acutely felt, due to 
the fact that the cost of running passenger 
trains did not come down in proportion 
to the decrease in revenue. The true 
profit on most railroads was made in 
handling freight. If, therefore, a rail- 
road could be used to its capacity for 
handling freight trains only without any 
interference from passenger trains, it 
would be more profitable than when 
handling both freight and passenger 
trains. However, it has cost almost as 
much to operate the trains with only a 
few passengers as it did with many, when 
a fair proportion of overhead expenses, 
together with a cost of maintaining road 
beds, tracks, and other facilities are in- 
cluded. 

In the trains of the Zephyr type an ef- 
fort has been made to attract passenger 
traffic by increasing the speed, and if pos- 
sible reducing the cost of operation. As 
to the latter it is stated that the cost of 
operating the steam trains average ap- 
proximately 65 cents per mile, as com- 
pared with 30 cents per mile for the cost 
of operating the Zephyr. The maximum 
speed of the Zephyr in service is 85 mph. 
Its main value lies however in the fact 
that its acceleration and deceleration are 
so rapid that a very high average speed 
may be maintained with a maximum 
speed not greatly above the average. 

Some idea of the reason for this high 
acceleration and deceleration is indi- 
cated by the fact that steam-train equip- 
ment which the Zephyr replaced between 
Kansas City and Omaha had a weight of 
809,000 Ib as compared with the total 
weight of the Zephyr ready for service of 
218,847 lb. 

As for streamlining, at ordinary 
speeds, up to 50 mph, it accomplishes 
comparatively little in the way of econ- 
omy in fuel or gain in speed, but for 
higher speeds the benefits increase very 
rapidly and at 100 mph the gain in speed 
due to streamlining is more than 30 per 
cent. The principal advantage, how- 
ever, comes from the light weight. 

There is a question in the minds of some 
as to the hazards at grade crossings. The 
power plant is carried over the front 
truck of a light-weight train, and in the 
case of the Zephyr there is more weight 
on its front truck than on the forward 
truck of our largest passenger locomotive. 
Any collision with even the smallest 
automobile may result in derailmeat of 
the heaviest train because some small 
broken part may raise the wheels off the 
rails. Instances of such accidents are 
only too numerous. The front of the 
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Zephyr is shaped in such a way as to lift 
and deflect obstructions under the train. 
On several occasions it has struck ani- 
mals on the track and it has had four 
encounters with highway vehicles at 
grade crossings, two with trucks and 
two with automobiles. In each case it 
cleared the track without derailment or 
damage—to the Zephyr. In this respect 
its batting average is 1000. (Ralph 
Budd in The Atlantic Monthly, vol. 155, 
no. 5, May, 1935, pp. 534-544) 


STEAM ENGINEERING 


The Velox Boiler 


HE article is devoted to a description 

of the devices for regulating the vari- 
ous factors of operation of the Velox boiler, 
and presentation of performance tests. 
Among other things, the author says that 
as compared with old-style boilers enor- 
mous quantities of heat up to 300,000 
kcal per sq m per hr, are transmitted in 
the Velox boiler, which led to appre- 
hension that such a large flow of heat 
might affect the life and structure of the 
materials of the boiler. Iron and steel 
undergo transformation of structure 
first when they pass from a liquid state 
to a solid and next as a result of heating 
in the course of thermal treatment. In 
commercial mild steel all the important 
changes in structure occur at temperatures 
in excess of 700 C, which the materials 
never reach in the Velox boiler. The 
situation may be different, however, 
with parts which have been previously 
exposed to changes of shape, such as cold 
rolling or excessive thermal stresses. 
Where this has been the case mild steel 
becomes subject to recrystallization at 
temperatures as low as of the order of 
400 C. 

The main cause of destruction of the 
film surrounding the crystal is cold- 
working, such as drawing or rolling, 
which is not encountered in the parts 
under the greatest thermal stresses, par- 
ticularly the evaporator and superheater 
tubes. Moreover, only well-annealed 
material is employed, so that there are 
two reasons why the highest wall tem- 
peratures of 330 C occurring in the evapo- 
rator tubes do not produce recrystal- 
lization. The superheater tubes consist 
of alloy steel of comparatively high heat 
resistance. That a very large flow of 
heat does not represent a danger in itself 
is shown by operating experiences in 
thermal power machinery. In the old 
steam engine which operated with satu- 
rated steam and a very low compression 
at the end of the stroke the live steam 
came into sudden contact with the 
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strongly precooled walls in the clearance 
space. According to E. Schmidt, the 
coefficient of heat transfer with drop 
condensation which inescapably oc- 
curred on the polished and oiled cylinder 
wall amounted to from 30,000 to 40,000 
kcal per sq m per hr per deg C. Witha 
temperature difference of 60 deg which he 
found by measurement to exist between 
the steam and the wall, the quantity of 
heat which was made to penetrate into 
the wall amounted to from 1.8 to 2.4 
million kcal per sq m per hr. And the 
heat transfer in the numberless old steam 
engines was as great or greater without 
leading to trouble, because of change of 
structure of the metal. 

The harmlessness of a very high trans- 
fer of heat is also demonstrated by 
modern Diesel engines, in which up to 
2,000,000 kcal per sq m per hr periodi- 
cally flow into and come out of the wall. 
It is true that the depth of penetration 
is only a fraction of a millimeter, but 
within that depth hundreds of thousands 
of molecules lie in layer upon layer, and 
their structure might be all the more 
affected, in proportion to the content 
of free graphite in the cylinder cast iron, 
causing the appearance of cracks. It 
so happens, however, that both experi- 
ence and theory show that it is not this 
back and forth motion of the stream of 
heat, but excessive heat stresses which 
constitute a source of danger. On those 
parts of the Diesel no changes of struc- 
ture have ever been observed, even 
though the outermost wall layer may 
attain a temperature of the order of 330C. 
The author states that he has carefully 
calculated the mechanical and thermal 
stresses in the parts of the Velox boiler 
most stressed and has come to the 
conclusion that these stresses are per- 
missible in so far as the physical proper- 
ties of the materials used are concerned 
and that they lie well beyond the yield 
point determined by a rupture test. 
(Prof. A. Stodola in Zeitschrift des Vereines 
deutscher Ingenieure, vol. 79, no. 14, 
April 6, 1935, abstracted part on p. 432, 
the whole article on pp. 429-436, 16 
figs 


TESTING AND MEASUREMENTS 


The Edmmus System of Units 


HE intention of this system is to re- 

place the present cgs electric and 
magnetic units by a new system where 
the following fundamental units are 
used : 


Mass = 107!" (as in the Q.E.S. system) 
Length = 10 cm (1 dm) 
Time = 10~*s (1 microsecond) 


The name Edmmus is composed of *‘E’’ 
symbolizing the use of the eleventh 


power; ‘DM’ the decimeter; and 
‘“MUS,”’ the mu-second or microsecond. 

While mechanical units expressed in 
the new system are given it does not 
appear that they will be utilized and 
cgs units will probably continue to be 
used in mechanical measurements. Under 
these conditions a complete abstract 
of the article will not be justified. 
(Louis Barbillion and Maurice-Denis 
Papin in L'Industrie Electrique, vol. 44, 
no. 1024, Feb. 25, 1935, pp. 77-81) 


Motion Analysis by High-Speed Motion 
Pictures 


HIS article deals primarily with the 

application of this method of analy- 
sis to the design and operation of textile 
machinery. The camera used gave up to 
200 pictures per second, the time of ex- 
posure being from !/so0 to 1/10,000 sec. 
When these pictures were projected at 
the rate of 16 per sec it was equivalent to 
slowing down the speed of a mechanism 
to one-twelfth of its actual speed. The 
original article tells how the method 
described was applied to the study of a 
loom, the motion of a shuttle, and to the 
operation of cams, and metal picker 
sticks. The same method was applied 
to the case of shoe machines and on the 
screen the motion of two plungers which 
had been supposed to be coincident was 
found to be far from it. In a steel mill 
the same process has shown reasons why 
the operation of flying shears was not 
right, and how to correct the trouble. 
(Floyd A. Ramsdell, Gen. Mgr., Worces- 
ter Film Corporation, and Albert Palmer, 
Asst. to Gen. Mgr., Crompton and 
Knowles Loom Works, in Machine De- 
sign, vol. 7, no. 3, March, 1935, pp. 13- 
17, 9 figs.) 


Inspection of Engine Parts by the 
Magna-Flux Method 


HIS method is being used in the in- 

spection service of the Bristol Air- 
plane Co. in the manufacture of aircraft 
engines and is said to reveal cracks by the 
concentration of iron particles under the 
influence of a magnetic field. It can be 
used alone or in connection with etching. 
It is said that the actual method of carry- 
ing out the tests is very simple and re- 
quires no particular skill, since any 
cracks are plainly shown up. 

The apparatus consists of a large coil 
energized by direct current and incorpo- 
rating a solid core and adjustable sliding 
pole pieces across the gap of which the 
part under test is placed. The piece 
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tested, freed from grease, oil, and carbon 
is placed on the pole pieces in such a posi- 
tion that the field of force is at right 
angles at the expected crack. With the 
current switched on, a liquid containing 
minutely divided iron particles, known as 
“detector ink,’’ is poured gently over 
the components with the aid of an alumi- 
num ladle, and any cracks are revealed 
by the accumulation of iron particles on 
the edges through the local disturbance 
of the magnetic flux. The crack is 
sharply defined and may be quickly con- 
firmed by a second test. 

After aircraft-engine parts have been 
subjected to this treatment in an inten- 
sive magnetic field, it is of great impor- 
tance to dispel all residual magnetism 
within them. This demagnetizing proc- 
ess is effected by passing the components 
through a field of demagnetizing coil 
which is energized by alternating cur- 
rent. Parts of irregular shape, such as 
gears, are turned around while in the 
field, so that all the various portions are 
properly subjected to the demagnetizing 
influence. (The Engineer, vol. 159, no. 
4130, Mar. 8, 1935, p. 249, illustrated) 


The Bend Test as a Guide to Ductility 


| iy AN important paper, of which only 
part of the summary can be reported 
here because of lack of space, it is claimed 
that a bend test of a welded joint affords 
an excellent means of assessing the duc- 
tility of the weld metal. 

For a commercial test the convenient 
means of testing for minimum ductility is 
by measuring the strain developed by a 
transverse test piece. The curves in the 
original article show the relationship 
between the severity of a test and the 
width of a specimen. When the duc- 
tility is high the strain required to form 
a crack in a narrow specimen reaches 
three times that required for a wide 
specimen and when the ductility is very 
low twice the strain is still required. 
The elongation given by a close bend de- 
creases when the width is increased or 
the thickness reduced. Its value in- 
creases with the strength of the material. 
A small angle of the bend should not be 
specified. 

The results from such tests are reliable 
only if material of a given grade has been 
bent to a pure bending moment under de- 
fined conditions, and conditions applying 
to bending on a former are enumerated. 
In any method of test there is no need for 
the total angle through which the speci- 
men has been bent to reach 180 deg. 
Bending with a former need not be 
continued after 120 deg is reached, or 
bending on a mandrel when correctly 
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performed, after 100 deg. Where, how- 
ever, the full-bend test is adopted the 
final internal diameter should not exceed 
the prescribed diameter. The ductility 
of the weld metal within a fusion-welded 
butt joint is readily determined from a 
bend test. If no measurement of strain 
is made the specimen must be cut out 
longitudinally from the joint. For a 
commercial test on a transverse specimen 
measurement of the elongation is essen- 
tial and the limitations of such a method 
are described in the original article. 
L. W. Schuster, paper before the Institu- 
tion of Mechanical Engineers, presented 
March 26, 1935, abstracted through 
The Engineer, vol. 159, no. 4134, Apr. 5, 
1935, pp. 354-356, 3 figs., discussion, 
pp. 360-361) 


TEXTILE ENGINEERING 


The Effect of Cation-Active Fatty Ma- 
terials on Vegetable Fiber 


ATION-ACTIVE fats are surface-ac- 

tive materials of the fatty series 
which carry the fatty chains responsible 
for the surface activity in the form of 
cations. Contrariwise, the surface-active 
materials which carry the fatty chains in 
anions are called anion-active. The ma- 
jority of surface-active materials which 
we know are anion-active, the cation- 
active group being very small, as shown 
in the original article. 

The cation-active fatty materials emit 
into the water solution positively 
charged surface-active cations. These 
collect at the surface of the solution and 
discharge or displace everything en- 
countered there and carry either nega- 
tive or positive charges. Notwithstand- 
ing the fact that water solutions of these 
bodies foam, they cannot be used instead 
of soaps in the washing process. They 
do not emulsify peptized particles of dirt 
which are mostly negative, and have, 
therefore, no cleansing effects. Never- 
theless, they have important applications 
of their own in various branches of the 
textile industry, and permit the attainment 
of novel effects because of their ability 
to discharge or precipitate negatively 
charged suspended particles. If a sus- 
pension of lampblack in water be dis- 
placed by a suspension of an anion-active 
body, the particles of lampblack are 
peptized because they take a negative 
charge. If, however, a cation-active 
material is introduced into a lampblack 
dispersion, the particles of lampblack 
are deprived of their charges and pre- 
cipitate out. This ability of cation- 
active material finds practical applica- 
tion in the purification of waste water 


and destruction of stable emulsions. 
Had there been present in the system, in 
addition to the dispersed lampblack 
water system, a foundation material, 
such as a textile fiber, the particles of 
soot would have been precipitated on to 
this foundation material, and dyed it 
equally and uniformly. If instead of 
lampblack a fatty material were present 
in the state of emulsion it would also 
have been uniformly precipitated on to 
the foundation material. 

The described phenomena provide a 
basis for numerous practical applications 
of cation-active materials. There is a 
further valuable possibility of surface- 
active cations which may also be uti- 
lized. It has been observed that the cat- 
ions collect on the boundary surface and, 
for example, adhere to the surface of 
vegetable fiber so powerfully that they 
cover it as by a film and endow it with 
properties of a positively charged foun- 
dation body. This makes the cotton 
fiber substantive with respect to all 
negatively charged particles, but this 
substantivity may be reduced the de- 
sired extent. The film of cation-active 
material may be reduced in thickness by a 
proper addition of anion-active sub- 
stances, or it may be completely dis- 
charged and withdrawn, which means 
that the fiber acting as a foundation ma- 
terial may be endowed with any desired 
degree of substantivity. The precipi- 
tation of negatively charged particles 
can be carried rapidly in coarse dispersion 
or slowly in a fine dispersion and with 
good equalization. As an example of 
such coloring by control of charges may 
be cited the case of a viscose artificial 
silk thread which may be dyed by means 
of freshly precipitated ferri-hydroxide 
to be resistant to water, light, and fric- 
tion. Several other features of cation- 
active materials are discussed and radical 
possibilities in the field of vat dyes are 
pointed out. (Dr. H. Bertsch in Ange- 
wandte Chemie, vol. 48, no. 2, Jan. 12, 
1935, pp. 52-53) 


VARIA 


Decimal Dimensioning Adopted by Ford 


HE Ford Motor Company has 

adopted a decimal system for basic 
dimensioning to replace common frac- 
tions. It applies at present to all parts 
except bores requiring the use of stand- 
ard-size reamers. It is claimed that this 
makes addition and subtraction of dimen- 
sions easier. When tolerances are re- 
quired the figures definitely indicate this 
requirement by the addition of two or 
three digits to an already existing deci- 
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mal, rather than having a converted 
common fraction to or from which the 
working elements have been added or 
subtracted. In other words, the system 
does not entail so much substitution of 
decimals for common fractions as it does 
a complete change to thinking in terms of 
tenths instead of fractions. For easy 
application of this system new scales have 
been developed with common fractions 
replaced by calibrations in tenths and 
fiftieths of an inch, the latter having been 
found preferable to one-hundredths, due 
to the easier visibility of the dimension. 
The original article shows such a scale 
and a drawing with decimal dimensions. 
It is reported that one or two tap and die 
manufacturers are already considering the 
production of such tools to a decimal 
basis. (Industrial Standardization, vol. 
6,no. 1, January, 1935, pp. 24-25, 2 figs.) 


The Share of Labor in Industry 


ROM data collected by the National 

Industrial Conference Board it ap- 
pears that if it were possible to trace all 
the payments for wages and salaries that 
go into the product through such inciden- 
tal expenses as insurance, advertising, 
financing, and thelike, together with labor 
expended in production and transporta- 
tion of materials, fuel, and supplies be- 
fore they reach the factory, it is probable 
that in the final value of the product the 
share of payments for labor would exceed 
65 per cent. In other words, 65 cents 
out of every dollar, on the average, paid 
by American industry for its machinery 
and equipment, goes for labor in the form 
of wages. 

From a recent survey by the Machinery 
and Allied Products Institute it has been 
determined that there exists a pent-up 
demand for machinery amounting to 
$18,574,000,000. A simple mathemati- 
cal calculation makes it possible to deter- 
mine what this pent-up machinery means 
to labor. 

Sixty-five per cent of $18,574,000,000 is 
$12,073,000,000. In round figures, there- 
fore, twelve billion dollars represents the 
payroll cost of producing machinery and 
equipment required at the present time 
for the modernization of American 
plants. 

How much labor is twelve billion dol- 
lars’ worth? 

Actual wage rates paid in machinery 
manufacture vary widely, running the 
range of service from unskilled workmen 
to highly paid experts. The average 
hourly rate of pay may be estimated con- 
servatively at 60 cents in the machinery 
industries and a calculation on that basis 
reveals that the $12,073,000,000 payroll 
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would purchase 20,123,000,000 hr of la- 
bor, in round figures. 

Another calculation shows that 20,- 
123,000,000 hr represents the work of one 
man, 8 hr a day and 6 days a week, for 
about 8,000,000 years—or employment 
of 8,000,000 men for one year, or of 
4,000,000 men for two years. There are 
somewhat more than 4,000,000 persons 
unemployed in the capital-goods indus- 
tries. These would find demand for 
their services if the potential machinery 
requirements of the country were to be 
met, and such reemployment would have 
a profound effect far back of the machin- 
ery plants in the realm of raw material 
and transport and all intermediate 
processing, for it is estimated that for 
each man actually at work in machinery 
manufacture three others find work there- 
from. (Survey of Machinery Require- 
ments, dated April 4, 1935, and issued by 
the Machinery and Allied Products Insti- 
tute, Chicago, Ill., 19 multigraphed 
pages ) 


Factory Training Courses 


HE Hobart Manufacturing Co. at 
Troy, Ohio, is said to have adopted 
an extensive replacement policy at a time 
when most other concerns were decreas- 
ing their purchases. Next came the 


problem of providing well-trained and 


highly skilled operators. Troy, Ohio, 
is a city of 10,000 population. There is 
no labor pool on which the company 
can draw to meet its needs and the com- 
pany did not like to hire men from other 
cities and bring them to Troy. 

To meet this situation the company in- 
augurated its own training program in 
conjunction with the Smith-Hughes pro- 
gram of the State of Ohio. Applicants 
for the course must be at least 18 years 
old and have a high-school education or 
its equivalent. The course is designed 
to take two years and consists of 4000 
shop hours and 450 hours devoted to 
classroom work. Broadly, the subjects 
treated in the classroom are mathematics, 
science, shop information, and blueprint 
reading. 

These broad subjects are divided into 
such things as the study of ferrous and 
non-ferrous metals; tempering and heat- 
treating and its effects; tests and testing 
hardness; lubrication; cutting fluids; 
power transmission; shop safety; grind- 
ing wheels, polishing and buffing; plat- 
ing; paint; shop information, organiza- 
tion and personnel; management, includ- 
ing explanation of fixed investment, 
operating expense, and waste elimina- 
tion; foundry practice; motors; ma- 
chine-shop practice; use of scales, 


squares, and rules; mathematical com- 
putation from working drawings; mea- 
surement of threads; use and construction 
of charts and tables; layouts involving 
areas; plane geometry; simple and com- 
pound gearing; calculation of cutting 
and grinding speeds; graduated dials; 
calculating tapers; mathematics of 
gearing; shrink fits; precision instru- 
ments for measuring, slide rules; free- 
hand sketching; orthographic projection 
and the care to be exercised in making 
drawings. 

When the course was announced there 
was considerable curiosity as to its re- 
ception by the employees. A limit of 18 
students was set for the first year. With- 
in 24 hours after the announcement was 
made, 25 men had asked to be enrolled 
with every possibility of additional ap- 
plications coming in. The problem 
which now confronts the company is 
how to take care of all the employees 
who are qualified to take the course and 
who have indicated that they would like 
todoso. (J. M. Spencer, Vice-President, 
Hobart Manufacturing Co., in The 
American Machinist, vol. 79, no. 6, March 
13, 1935, pp. 225-228, 4 figs.) 


Industrial Reorganization Plans in En- 
gland 


HIS article deals primarily with the 

Industrial Reorganization (Enabling) 
Bill recently introduced in the House of 
Lords by Lord Melchett, son of the first 
chairman of Imperial Chemical Indus- 
tries, Ltd., the largest corporation of its 
kind in England. The bill itself deals 
primarily with the reorganization of 
chemical industries though apparently 
not limited to this one subject. It is 
quite extensive and not suitable for ab- 
stracting, except for one feature, and that 
is, provision for new entrants into the 
industry. 

In this connection two of the largest 
industrialists in England remarked to 
Lord Melchett that they could not see 
how their respective fathers could have 
started up the great businesses they now 
controlled if this bill had been in exis- 
tence at the time. Lord Melchett’s 
answer is that this was perfectly true; 
they could not have done so. Those 
were, however, the pioneer days of in- 
dustry when it was possible to have a 
new industry come along and entirely 
and completely, after a comparatively 
short number of years, displace another 
industry. Industry today was so highly 
complex and so closely interwoven that 
it was not to the benefit of industry as a 
whole that a death blow should be dealt 


to any important industry. It was much 
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more valuable to the community as a 
whole that what progress was made— 
and progress would continue to be made 
whatever steps they took—was made 
with some regularity and with some 
hope that those who had already sunk 
large sums of capital in employing 
large numbers of men and occupying 
an important part of the economic 
functions should be given the oppor- 
tunity of dying decently instead of vio- 
lently. It was better that new entrants 
and new processes should be brought in 
in some order instead of by violence 
and disorder. 

That was one side of the matter, and 
the other side was that in point of fact 
the progress of industry today was made 
in rather a difficult way. One did not 
find new processes coming along and 
entirely displacing the older processes. 
One found much more that as the result 
of a much larger amount of research a 
constant, continual, sometimes rapid 
and sometimes slower progress was be- 
ing made in every industry. He did 
not think they need fear that that prog- 
ress would not continue. What they 
had to fear, however, was that that 
progress might be rather more rapid 
than they could digest. 

Lord Melchett also said he thought it 
was necessary to preserve the balance 
between the danger of a large number of 
new entrants and the danger of shutting 
them out altogether; the latter was the 
greater danger of the two. (The Chemi- 
cal Age, vol. 32, no. 814, Feb. 2, 1935, 
pp. 91-94) 


The Electronic License Situation 


S A result of considerable litigation a 

consent decree in the Federal suit 
against the Radio Corporation, General 
Electric, and Westinghouse companies 
and their associates, was entered. This 
creates a situation which may be of inter- 
est to engineers in other fields of activi- 
ties. In particular each company is free 
to license applicants under its own 
patents. Thus, the American Telephone 
and Telegraph is the only one of the 
group which can grant licenses under all 
of its patents in the fields relating to 
radio communication in any form, in- 
cluding the broadcasting of programs 
over wire lines, with certain exceptions, 
and two-way voice communication. It 
is also, however, free to issue licenses 
under its own patents in these or any 
other fields. On the other hand, the 
four companies agree to exchange li- 
censes, and, in some instances, to grant 
sub-licenses. (Electronics, May, 1935, 
pp. 143-144) 
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Study of Technical History 


To THE Epiror: 


In the March, 1935, number of Me- 
CHANICAL ENGINEERING, Mr. I. N. 
Liphshitz presented in his paper “The 
Study of Technical History’’ in a very 
satisfactory way, the general outline of 
this important undertaking and while 
one might further discuss and perhaps 
add to the material contained therein it 
seems more desirable to direct attention 
to the importance of preserving struc- 
tures and machines to serve as exhibits 
showing steps in evolution and advance- 
ment. Such exhibits would not only 
serve the purpose of accurate and reliable 
records but would also tend to render 
unnecessary the loss of effort involved in 
the rediscovery of engineering applica- 
tions of science and the recreation of 
methods and devices. 

It is recognized that the preservation 
of large machines and structures involves, 
in general, a considerable expense, es- 
pecially when they must be placed in 
buildings or otherwise protected from 
the weather. However, there are in- 
stances wherein the upkeep involves 
only a moderate expense and still others 
wherein there may be an actual return 
through use. It is further recognized 
that to evaluate the advantage to our 
own and future generations through the 
preservation of engineering 
antiquities is especially diff- 
cult. However, they, like 
other art treasures, possess in- 
trinsic value. As examples 
illustrative of the conditions 


However, its metal-work 
portions of cast and wrought iron are 
intact although the wrought-iron radial 
stays and braces are bent. Its timber 
work is still in a satisfactory condition 
to permit exact duplication and a small 
portion could be salvaged and reused in 
its reconstruction. The large cast-iron 
flywheel used in conjunction with the 
water wheel is intact and in satisfactory 
preservation. The wheel was built in 
1838-1839 by the Burden Iron Works, 
its design being attributed to Henry Bur- 
den of that company. At that time the 
major activity of the company was the 
manufacture of horse and mule shoes and 
nails, and later, when the American Civil 
War was in progress, this concern sup- 
plied of these materials a large portion 
of the needs of the Union Army. 

At Lehigh Gap, Pennsylvania, there 
existed a Finley-type chain suspension 
bridge which was replaced by a modern 
structure in 1934. It is regrettable that 
the chain structure was not carefully 
disassembled, reerected, and properly 
identified by markers in one of our na- 
tional parks. The patent rights for this 
type of bridge were granted to James 
Finley, Fayette County, Pennsylvania, 
June 17, 1803. It is generally conceded 


t10n Of snow. 


that in the construction of the bridge 
over Jacobs Creek near his home in 1801, 
Mr. Finley originated the metal suspen- 


sion bridge as it is now constructed, that 
is to say, with a horizontal floor system 
suspended from suspension members. 
The accompanying illustration repro- 
duced from Mr. Finley's pamphlet shows 
the important details of his invention. 
The bridge at Lehigh Gap, Pa., was the 
last existing bridge of the Finley type 
and its preservation would, therefore, 
have been a meritorious act. 

Near Harpers Ferry, Virginia, there 
exists a single-span railroad bridge of 
the type patented by Albert Fink, 
March 3, 1857. The details of its con- 
struction render its disassembling and re- 
erection a relatively easy matter. It 
could well .be remodeled for highway 
service in a national park or elsewhere 
at a location where the traffic service 
would facilitate the use of a narrow 
bridge. Very few structures of the Fink 
type are now in existence. 

Although the credit for inventing the 
first American metal bridge properly be- 
longs to Thomas Paine and although we 
may justly regard James Finley as the 
‘“father of the metal suspension bridge,”’ 
great credit is due Squire Whipple 
for having developed and patented in 
1841 and 1846 two early types of Ameri- 
can truss bridges which secured wide 
adoption. A comparatively small num- 
ber of Whipple truss structures still re- 
main in service. It is very desirable 





herein mentioned the follow- 





ing have been selected: 

At Troy, N. Y., there exists 
the ruins of a water wheel 
credited to be the greatest 
in power capacity of wheels 
of the overshot type. Its di- 
ameter was 60 ft and its width 
22 ft. The 36 buckets upon its 
perimeter extended the full 
width of the wheel, providing 
an operating capacity of 1200 
hp. Through weakening of 
its timbers by decay it col- 
lapsed a few years ago under 
the pressure of an accumula- 
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that at least a part of these be preserved 
as antiquities and memorials to the 
engineer who produced in 1847 the first 
American book treating scientifically 
the elements of bridge design and who 
probably did more to advance this science 
than any other American engineer. 

Near Great Falls, Va., and closely 
adjacent to the Potomac River there was 
built, in 1786-1796, the ‘*Potowmack 
Canal’’ by a company having George 
Washington as its president. Authen- 
tic records indicate that as an engineer 
he devoted much time to this project 
although he received no pay for his ser- 
vices. The canal consisted essentially 
of two sections, one at Little Falls about 
four miles above Washington and the 
other at Great Falls about twelve miles 
distant. 

At the latter location there were five 
locks by which a total elevation of 86 
fe was attained. Two of these were 
located in a solid ledge cut and required 
no masonry walls but the remaining 
three, each one hundred feet in length, 


were walled with ashlar masonry, a 
portion of which is still intact and in 
generally good condition. However, 
its future preservation should be insured 
by a moderate amount of repointing and 
other repair. Naturally, none of the 
woodwork now remains and in addition 
the castings and other metal work of the 
gates and sluices have disappeared. The 
portions of the canal prism together 
with the lock walls now existing should 
be preserved as antiquities of early river 
navigation improvement and as a ma- 
terial record of the efforts made by 
George Washington to procure the es- 
sentials requisite for the development 
of a new nation. 

To provide means whereby engineers 
may come to their problems with an ac- 
cumulation of the past and successfully 
meet them with the constructions and 
purposes they desire to bring to pass 
is both a commendable and worthy 
undertaking. 


LieweEttyn N. Epwarps.” 


Comments on E.C.P.D. 


To THe Eprror: 


On March 6 the writer attended the 
joint meeting! of the engineering socie- 
ties at which was presented an outline 
of the plan of the Engineers’ Council 
for Professional Development, and lis- 
tened attentively to the addresses of the 
scheduled speakers and to the fragmen- 
tary comment from the floor. 

There was much loose talk anent the 
“status of the engineer,"’ “‘increased 
recognition,” and other intangibles 
which no one undertook to define in 
precise terms. There was notable ab- 
sence of that “‘engineering precision of 
thought’ of which we boast so much 
but which appears to serve no other pur- 
pose. There seemed to be a vague idea 
that engineers as a group might be 
grasped by the hair and lifted bodily to 
a higher business and social level. 

The only sane pronouncement made 
during the whole evening was one by the 
chairman, Mr. Gano Dunn, and for some 
reason he thought it necessary to apolo- 
gize to the speakers for that. He said, 
in substance, “‘the engineer now has all 
the recognition he merits.”’ 

What is all this talk about ‘‘recogni- 
tion?’ Recognition of what and by 
Recognition that the engineer's 
work requires special training? So does 
a bricklayer’s. Do we seek recognition 


whom? 


See Mecuanicat ENGINEERING, 


April, 
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from the man in the street, the crowds 
that ride the subways, the throngs that 
fill the cinemas? What would it signify 
if we had it? Does recognition mean 
newspaper ballyhoo about the wonder- 
ful things accomplished by engineers and 
the awful plight in which society would 
find itself without them? If not, what 
does it mean? 

The sober fact is that the only recog- 
nition that counts, and what every en- 
gineer has in the back of his head 
when he talks about it, is recognition 
by the client or employer in the form of 
material compensation for services ren- 
dered. Despite all sorts of deals— 
square, new, or raw—this compensation 
is determined by the good old law of 
supply and demand. The labor-union 
movement was an attempt to evade this 
law—with what degree of success is 
pretty generally understood. But Dr. 
Hirshfeld expressly and quite emphati- 
cally disclaimed any intention on the 
part of the Council to import labor- 
union ideas or methods to engineering 
circles. 

There are and always have been out- 
standing engineers (never many at any 
one time)—men of superior vision and 
mentality—and these have been the men 
selected when any unusual or peculiarly 
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difficult problems were to be solved. 
Presumably they have been compen- 
sated in suitable proportion to the im- 
portance of their work, and the engineer- 
ing and business world has given them 
due credit for their accomplishments. 

But, notwithstanding a great deal of 
high-sounding talk about ‘‘the profes- 
sion,’’ 90 per cent, or more, of all engi- 
neers are in the class of skilled mechanics. 
They work at a “‘trade’’ as indubitably 
as does the carpenter or the machinist 
Their tools are certain ‘‘accepted formu- 
las’’ and ‘‘standard practices’’ which 
they apply in conventional ways; their 
results are just what any one else would 
get by the same methods, and they 
know no others. By far the greater 
number will always be in this class— 
somebody's assistants to do the routine 
work—to design and build structures 
and machines which differ in no essential 
from hundreds or thousands of predeces- 
sors. 

The status of the engineer is strictly 
an individual matter. Each engineer 
will receive the recognition to which he 
is entitled by reason of his abilities and 
his accomplishments. It will do him no 
good to clamor for it solely on the 
ground that he is a member of a class or 
group which includes some distinguished 
men. 

While the writer does not presume to 
act as interpreter for Mr. Dunn, it seems 
fair to infer that he had in mind some 
thing of this sort. 

Individuality of thought and action is 
the distinguishing characteristic of the 
professional man. To the extent that 
he descends to mass action and stand- 
ardized thinking he becomes non-pro- 
fessional. The man who makes loud 
demands for the elevation of his group 
is in reality trying to use the influence 
of that group to raise his own status 
above the point which his individual 
qualifications warrant. 

If one should discuss merchants as a 
class he would include every one from 
the owner of a great department store 
to the proprietor of a six-by-nine hole- 
in-the-wall who purveys desiccated cigars 
and lurid literature for the intellectually 
destitute. Talk about the ‘“‘status’’ of 
the merchant would be senseless. 

The legal profession comprises a few 
scholarly and outstanding lawyers along 
with the hordes of attorneys who infest 
the lower courts. They are all members 
of the bar, but they have nothing else 
in common. What is meant by ‘‘the 
status of the legal profession?” 

Every business, profession, or trade is 
graded. At the top are a few excep- 
tional men, while the lower ranks are 


Jury, 1935 


packed and jammed with mediocrity 
or worse. Improvement of status is a 
problem for each individual. When a 
man becomes class conscious he never 
thinks straight and he is never honest 
with himself. There are, and for many 
years have been, ample facilities by 
which any engineer may develop his 
capabilities to the utmost. Appointing 
committees and councils, passing resolu- 
tions, and generally sputtering about 
being unappreciated, will not raise the 
general level. Engineers would do well 
to bear in mind an elementary principle 
of mechanics—the motion of the center 
of gravity of a system is not affected by 
the action of internal forces. 

Professor Barker’s address was charac- 
teristic of the pedagogical view point. 
‘“Recognition’’ is to be based on an ex- 
amination, said examination to take the 
form of a thesis or report on some en- 
gineering work executed by the candi- 
date. An aspirant may ‘“‘advance to be 
recognized’’ four years after graduation 
from a technical school. How many 
men at that stage of their careers can 
honestly point to any engineering work 
as their own? They have been merely 
assistants, and that is nothing to their 
discredit. An engineering work of im- 
portance is not a one-man job. Who 
shall decide to whose record it shall be 
credited? 

There are and always will be aristo- 
crats among engineers. They are and 
will be the men whose qualifications and 
accomplishments put them in the lead. 
Any attempt to set up an artificial classi- 
fication will result only in a vulgar 
scramble of the canaille who will seek 
by devious and underhand methods to be 
included in a group where they do not 
belong. Inthe end mediocrity will domi- 
nate, and the move will defeat itself, 
just as good society has always been 
ruined by social climbers who thought 
that ‘‘front’’ could replace foundation. 

Experience with licensing or registra- 
tion of engineers in various states is 
illuminating. Almost anybody was ad- 
mitted at first on the basis of very ordi- 
nary records adroitly dressed up with 
sonorous titles. As soon as a consider- 
able number got on the inside they 
busied themselves to exclude as many 
others as possible, seeking to make them- 
selves by statutory process what they 
could not become by virtue of their own 
attainments, viz., a professional aris- 
tocracy. 

If the engineering societies are to con- 
tinue their usefulness, they must restrict 
themselves to the activities for which 
they were organized, i.e., the inter- 
change of engineering experiences and the 


dissemination of scientific and technical 
information. The position and ‘‘recog- 
nition’’ attained by each engineer will 
always depend solely on his own capa- 
bilities and the use he makes of the 
facilities at his command. 


CxHarwes W. Comsrock.® 


To THe Epiror: 


I have read Mr. Comstock’s letter 
with great interest, particularly be- 
cause it shows that I did not get my 
message across. I thought I had and 
that makes it particularly disappointing 
to me. 

All that Mr. Comstock says is true 
and quite in line with my own thinking 
except that he appears to me to miss the 
vital point of the matter. It is certainly 
true that engineers will always be 
graded, not only by inherent ability 
but also by opportunity. However, 
there is a certain mean or norm or what- 
ever you want to call it for the profes- 
sion as a whole measured in any terms 
you care to use, compensation, achieve- 
ment, intelligence, usefulness, what not. 
This can certainly be raised by improving 
engineers as a class. And, that is the 
basic aspiration of E.C.P.D. as I see it. 

If we may adopt ane of Mr. Comstock’s 
figures, every body has a center of 
gravity. Some parts of the body are at 
greater elevations and some at lesser, 
some above and others below this cen- 
ter. Properly directed forces can raise 
the body as a whole without changing 
the distribution of its elements sensibly 
provided the forces are not of too great 
magnitude or too suddenly applied. 
That is all that E.C.P.D. can hope to do. 

Now, it is perfectly true that I assume 
forces acting outside the body which 
Mr. Comstock objects to. I think we 
have here just that sort of distinction 
that E.C.P.D. is emphasizing. When 
we pass from the purely technical to those 
things having to do with man, we get 
into new kinds of forces which simple 
mechanical analysis does not compre- 
hend. 

For example, no one particle of our 
assumed body can, by voluntary choice, 
educate itself, acquire experience, and 
do all those other things required to 
raise it above the “‘level’’ of its fellows. 
But, any human being who is not un- 
fortunately and excessively unendowed 
in some way can do so. 

As I see it, the premise upon which 
we are working in E.C.P.D. and which 
I tried to put in words at the meeting 
Mr. Comstock refers to is this: 





3 Jackson Heights, 
A.S.M.E. 


Long Island. Mem. 


451 


We can by careful planning and exe- 
cution make the engineer a better and 
more roundly educated individual with- 
out detracting from his present technical 
ability. And, if we do this he must of 
necessity become a more useful member 
of the race. And if he does he is bound 
to rise as a class with respect to the other 
classes. We may measure such rise in 
any way we like, compensation, public 
opinion, self-satisfaction, what you will. 

What Mr. Comstock says about supply 
and demand as fixing compensation be- 
tween competitors in any single group is 
correct. But, the way in which com- 
pensation of that group shall compare 
with compensation of other groups is an 
entirely different matter. Among other 
things, it is determined partly by the 
usefulness of the group in comparison 
with that of other groups. To take an 
extreme case, I doubt that an expert 
chipper of flint arrow heads could com- 
mand any large compensation in a mod- 
ern, industrialized community. 


C. F. HirsHrerp.?4 


The Correct Economy 


To THE Eprror: 


In your editorial of the April number 
which refers to Professor Freeman's re- 
view of my book, ‘“The Correct Economy 
for the Machine Age,”’ you state that ‘‘in 
the discussion of engineering problems 
we like to feel that we have more posi- 
tive, and possibly simpler, laws to deal 
with than seem to operate in the fields 
of economics and social relationships."’ 

The laws of economic and social re- 
lationships are not positive and simple 
because the orthodox economy with 
which they are used interferes with the 
first law of nature and man’s right to 
enjoy a standard of living in keeping 
with his desire and ability to produce. 

The wants of man are insatiable and 
no nation can ever produce by the most 
efficient organization possible the equiva- 
lent of more than its people would like 
to produce and consume. If our economy 
functioned naturally and in harmony 
with man’s nature there would always 
be a shortage of labor and capital on the 
whole to produce the goods and services 
for which there would be a firm and ever- 
increasing demand. Under an economy 
consistent with man’s nature a shortage 
of labor and capital would be constantly 
felt. Labor would be in demand at high 
wages, and new capital would be in 


4 Chairman, Engineers’ Council for Profes- 
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demand at high interest rates, and each 
worker would be able to pick and 
choose his employment, and each capi- 
talist would be able to pick and choose 
the employment for his capital—eco- 
nomic liberty would rule. 

The experience of the United States 
between the years 1921 and 1930, while 
it was accidental, offers the best example 
in history of a near approach to the cor- 
rect economy. In the midst of depres- 
sion Mr. Henry Ford started a fashion 
in raising wages which was forced upon 
other employers, with the result that 
wholesale prices quickly rose to a satis- 
factory level that has not been exceeded 
since except for a few months in 1925 
and 1926, and prosperity was soon in full 
swing. Then as volume production 
and the use of better manufacturing 
methods swelled the profits of employers, 
wage and salary earners fortunately 
demanded higher pay and thus increases 
in consuming power followed increases 
in productive power. 

Also during that period another 
very important factor was operating. 
Free competition, which is the life of 
trade, constantly stimulating a 
demand for more and better productive 
facilities and thus there was a strong 
attraction between the new capital cre- 
ated and labor, affording employment 
for both in the production of producers’ 
goods. Unfortunately, however, wages 
were not high enough, and the dollar 
was tied to gold. If wages had been 
higher, wholesale prices would not have 
started declining in 1926, consumption 
would have kept step with production 
and there would have been safe employ- 
ment at home for capital recklessly 
loaned abroad. If the dollar had been 
cut loose from gold and allowed its 
natural exchange rates, United States’ 
prices would have been free from external 
depressing influences. 

If the United States Government had 
had the vision and the authority in 1927 
to announce that it proposed to keep the 
United States power to consume in step 
with its power to produce by decreeing 
an all-round rise in wages and salaries 
from time to time in order to maintain 
the 1926 general price level firm under 
free competition, and if it had cut 
the dollar loose from artificially fixed 
exchange rates, and had announced 
that the Treasury would assume respon- 
sibility for the dollar's exchange rates, 
and that all United States exchange 
transactions must be cleared through the 
banks designated as its agents, and had 
insured the natural exchange rates for 
the dollar which would have kept 
United States exports in approximate 
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balance with imports, there would never 
have been any lull in the prosperity of the 
United States. The prosperity it was 
enjoying then would have been a poor 
imitation of the prosperity and sense of 
security it could have been enjoying to- 
day. 

Under industrialization, wage and 
salary earners hold the dominating 
consuming power, and if consuming 
power is to be kept in step with produc- 
tive power to the great advantage of 
capital as well as labor, wages and salaries 
must be raised whenever the existing 
claimants of the returns from industry 
are unable to consume all that is pro- 
duced. 

Whenever prices have ruled at a certain 
level for some time as they did during 
the War, and in the “‘Gay Twenties,”’ 
and then fall materially below that level, 
prosperity cannot be restored in any 
reasonable time without restoring the 
former general price level. This is 
true for several incontrovertable rea- 
sons which space does not permit 
elaborating. 

Prices canot be soundly raised without 
increasing the costs of production or in- 
creasing the demand for goods. Then 
why not kill two birds with one stone 
by raising all wages -and salaries? Pro- 
fessor Freeman disagrees with this rec- 
ommendation of an engineer, and in a 
sweeping statement says that “‘of all 
the means which have been proposed 
to stimulate an advance in prices the 
raising of wages and salaries by fiat 
of the Government is the least de- 
fensible,"’ and he says this in spite of 
the fact that Mr. John A. Hobson, a 
most eminent British Economist, after a 
careful study of the book, contributed 
a one-thousand word foreword in which 
he unstintingly praises and endorses its 
proposals. 

Professor Freeman refers to the failure 
of the efforts of the NRA to raise prices 
by raising wages in 1933. The Govern- 
ment mever announced that it would take 
control of the buying power of the dol- 
lar, a Government responsibility, by 
decreeing rises in all wages and salaries 
from time to time until the 1926 general 
price level was restored under free com- 
petition, and that it would peg the buy- 
ing power of the dollar at that level 
by the use of the only possible means. 

Professor Freeman worries about the 
effects of raising wages in the different 
industries and states that the prices in 
each industry should be restored to their 
former levels. This is impossible. When 
the Government assumes responsibility 
for keeping the general price level at the 
1926 level, from which would follow 
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automatically a balance between con- 
suming power and productive power it is 
going far enough for the best interests 
of all concerned. There can never 
be a better agency for ironing out the 
troubles of the individual industries 
than the free operation of supply and 
demand when wages and salaries are paid 
on a scale that will maintain the general 
price level of 1926 firm under free compe- 
tition. Far too many workers have 
been driven into trying to eke out a liv- 
ing on the land. The farm problem will 
be solved only by a demand in the other 
industries for some millions of workers 
now on the land. Furthermore, each 
employer would benefit if he and all his 
competitors and all other employers 
throughout the country raised wages 
by the same flat percentage. It must be 
remembered that while wages are an 
important item in the cost of production, 
they are the most important item in the 
consuming power for the goods produced, 
and employers on the whole can reap 
the highest profits only if consuming 
power is kept in step with productive 
power. 

Professor Freeman suggests that I pro- 
pose to penalize efficiency by raising 
wages most in the most efficient indus- 
tries, whereas no such suggestion is made 
inthe book. Istate that in general after 
prosperity is restored, “‘The Wage 
Board"’ would decree rises or withhold 
rises to each craft or each district of the 
nation in harmony with the law of sup- 
ply and demand allowing rises in cases 
where there tended to be a shortage of 
workers and withholding rises in cases 
where there tended to be a surplus. 

Professor Freeman tries to distinguish 
between the distribution of the consum- 
ing power liberated by the production 
of producers’ goods and that liberated 
by the production of consumers’ goods. 
The relative proportions falling into 
the hands of the workers in the two cases 
is immaterial, the larger part falls into 
the hands of wage and salary earners 
in both cases. While the workers de- 
mand consumers’ goods directly, that 
demand is translated into a demand for 
producers’ goods indirectly. The higher 
the pay of workers the higher is the 
demand for producers’ goods which will 
increase production and save labor, and 
the prices of producers’ goods are 
quite as important to the consuming 
masses as are the prices of consumers’ 
goods. 

When prosperity is restored it can be 
maintained only by raising wages and 
salaries as the benefits of better efficiency 
and volume production tend, as they 
naturally do, to lower prices. 
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A dollar of constant purchasing power 

a steady general price level—at the 
1926 level can be maintained by no 
means other than by control of the gen- 
eral wage and salary level, and to try to 
control the buying power of the dollar 
by any other means is on a par with 
trying to make the tail wag the dog. 
Lowering wages and lowering consuming 
power when prices fall and permitting 
rises when all are comfortably employed 
and prices tend to rise is exactly the 
wrong procedure for success under in- 
dustrialization. 

Instead of interfering with supply and 
demand by price-fixing, restricting out- 
put, doles for both capital and labor, 
etc., to ameliorate the evils of talling 
prices when consuming power gets 
out of step with productive power, the 
Government should merely assume re- 
sponsibility for restoring the balance 
between consuming power and productive 
power. To assume that responsibility, a 
responsibility which only the Govern- 
ment can perform and to free itself from 


all the other endless tasks it is ill-fitted to 
perform but which it is trying to per- 
form, is the simple change in our econ- 
omy which must be made if the tremendous 
benefits possible to all in the machine 
age are to be enjoyed. 

Industrial peace and any degree of suc- 
cess in the machine age are impossible 
under the haphazard and unscientific 
““dispute’’ method of adjusting wages. 
An employer and his employees are in- 
competent to adjust wages in harmony 
with the best interests of all concerned. 

Our economic forces are as real as any 
forces in nature and when we have an 
economy in which economic liberty rules 
under a balance between consuming power 
and productive power, and when workers 
enjoy security against poverty in their 
old age, as they should through a small 
tax on all pay rolls, we will find that the 
laws ‘operating in the field of econom- 
ics’’ are quite as positive and simple as 
those we rely upon in our engineering 
problems. 

A. G. McGrecor.' 


Oil Burners and Boilers 


To THE Eprror: 

The paper by Professor Seeley® ably 
deals with a phase of domestic heating of 
importance to the manufacturers of oil 
burners and domestic heating boilers. 

The author has pointed out the need 
for proper allowances for piping loss 
and pick-up-factor requirements. It has 
been the practice of the writer to apply 
a factor of from 25 to 10 per cent, as an al- 
lowance for piping load, to net load 
values. This is a variable factor; for, as 
the radiation load increases, the per- 
centage of piping load decreases, as a gen- 
eralrule. For example, the piping allow- 
ance at 500 ft net load is 25 per cent gradu- 
ally diminishing until at 12,000 ft, net 
load 10 per cent allowance should be suffi- 
cient. An additional flat allowance of 20 
per cent can be considered proper for pick- 
up factor. This gives a total allowance 
for piping and pick-up of from 45 to 30 
per cent, applied to net-load figures. 
These values are believed to be conserva- 
tive and applicable to the average instal- 
lation, although varying conditions may 
call for suitable modification of the al- 
lowances. 

Finding the fuel-burning rate involves 
the heat value of the fuel and the overall 
efficiency of the boiler and burner. In 
an existing installation the efficiency can 
be checked or in some cases published 


5 See MecuanicaL EnGinegerInG, April, 
1935, pp. 221-224. 


data can be consulted. It is also essential 
that the boiler be sized to produce opti- 
mum efficiency results at the gross out- 
put required, as this is the point at which 
it should be operated. Published ratings 
and performance curves of the boiler 
manufacturer furnish a means of check- 
ing this point. 

While these remarks are pertinent to 
the use of intermittently operating types 
of burners, an analogous situation is 
presented with the use of modulating 
types of burners. Different factors should 
be used for pick-up allowance, as this 
value is greatly reduced, if not entirely 
eliminated, due to the constant supply of 
heat to the system. However, the boiler 
selected should deliver its best efficiency 
at the output range wherein will be 
burned the most fuel in proportion to 
the total seasonal demand. This may 
or may not be at the range where the 
burner is operating most frequently, de- 
pending upon the distribution of the 
seasonal degree-day load. 

As the author states, this optimum out- 
put range may be below the net load with 
the consequent use of a smaller boiler 
than would be selected for the same in- 
stallation if intermittently fired. With 
the selection of a smaller boiler, care 
should be exercised that reasonable rates 
of heat liberation and heat transfer are 
not exceeded. These factors will be 
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reflected in the efficiency obtained, and 
if the boiler is selected with due consid- 
eration as to its efficiency, it may be 
granted that heat-transfer values will not 
be excessive. In a steam or vapor sys- 
tem it is also essential that the amount 
of water contained in the boiler be suf- 
ficient to care for the condensing effect 
of the system. 

In reference to the several phases of 
burner adjustment and operation noted 
by Professor Seeley, it may be stated that 
the writer has obtained similar results 
in laboratory research. However, there 
are certain characteristics peculiar to 
each individual boiler and burner and it 
does not always follow that the effects 
pointed out will occur in the same degree 
or even in the same order, with certain 
combinations of boilers and burners. 

Professor Seeley has pointed out an 
arbitrary ‘‘standard’’ condition of 10 
per cent CO, and 0.02 in. of water 
furnace draft. This would seem to be 
a reasonable hypothesis and should fur- 
nish a proper criterion for the adjustment 
of oil burners in the field. 

A compilation of data obtained from 
262 oil-burner installations yields the 
following results: 


Per cent 

COz, per cent No. of total 
10 or higher 60 22.9 
8-10 72 Ya ie | 
6- 8 71 Fe ee | 
4— 6 51 19.5 
Below 4 8 3.0 


The draft in the combustion chamber was 
less than 0.02 in. of water in 80 cases or 
30 per cent of the total. The draft was 
0.02 to 0.05 in. in 131 cases and was more 
than 0.05 in. in 51 cases or 20 per cent 
of the total. 

Professor Seeley stated that boiler de- 
sign has a direct bearing upon preventing 
the escape of the heated gases during 
“off’ periods of intermittent burner 
operation. This is particularly true of 
boilers having a downward flue pass or 
passes. Such construction impedes the 
natural circulation through the boiler 
during the ‘“‘off’’ period with a conse- 
quent lessened cooling effect of the 
heat-absorbing surfaces of the boiler. 

A secondary source of air due to leak- 
age in the boiler setting is present in the 
majority of installations and it is highly 
desirable that this be reduced to a mini- 
mum. Obviously, the amount of leak- 
age will be determined by the draft in 
the furnace. In general, this should not 
exceed 0.02 to 0.05 in. of water. 


R. C. Cross.” 


7 Supervising Engineer of Research, The H. 
B. Smith Co., Westfield, Mass. Jun. A.S.M.E. 
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HIS comprehensive survey of rail- 

way and highway transport through- 
out the world was conducted as an 
activity of the International Chamber 
of Commerce. 

The Chamber has devoted much time 
and attention to the road and rail prob- 
lem, which, in some countries, has grown 
to even more serious dimensions than in 
the United States. A resolution adopted 
by the Chamber at its Washington 
Congress of 1931 recommended that an 
inquiry be undertaken, first, to ascertain 
the facts as to the development of motor 
transport and its effect on railroad traffic, 
and second, to consider what modifica- 
tions may be desirable in the principles 
underlying railroad rate schedules. In 
line with this recommendation, the 
Chamber staff in 1933 published an in- 
troductory report on road and rail trans- 
port. The present volume supplements 
and complements the earlier report. 

Forty countries are included in the 
survey. Four of these countries are in 
the Americas, namely, the United States, 
Canada, Mexico, and Brazil. Twenty- 
three are in Europe, eight in Asia, and 
four in Africa, while Australia 
handled as a unit. 

The first part of the report is devoted 
to a descriptive analysis of the de- 
velopment of highway transport, regu- 
lation, and the relationship of railways 
to highways, in each of the forty coun- 
tries. 

The second part is an analytical study, 
topographical rather than geographical 
in arrangement. This study shows the 
legal bases of the organization of rail 
and road transport, the taxes imposed 
upon both, and the measures undertaken 
by railways to meet motor-vehicle com- 
petition. 

The outstanding feature of the report 


1 Director, Bureau of Railway Economics, 
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is the close parallelism of transport 
problems the world over, and the strik- 
ing similarity of the methods developed 
in the principal countries to bring about 
a closer coordination of rail and motor 
transportation. 

A compilation of the statistics of motor 
vehicles scattered throughout the report 
produces the following comparison with 
the United States: 





Forty United 

Countries States 
Motor trucks........ 5,105,535 3,233,457 
Motor buses........ 331,824 104,000 
Private automobiles.. 28,575,296 22,476,646 

Type not reported... ys eee 
All motor vehicles 34,047,625 25,814,103 


The United States, with one-third of 
the world’s highway mileage, possesses 
more than 75 per cent of all motor ve- 
hicles, 63 per cent of the trucks, 31 per 
cent of the buses, and more than 78 per 
cent of the private automobiles. For the 
forty countries combined, 84 per cent of 
all motor vehicles are private automo- 
biles, while 15 per cent are motor trucks; 
for the United States, the corresponding 
proportions are 87.1 and 12.5 per cent, 
respectively. 


CONDITIONS IN FIVE COUNTRIES 


The present review will digest only 
those sections of Part I regarding road 
and rail in five countries: United States, 
Canada, Great Britain, France, and 
Germany. 

United States. Street and highway 
costs in the United States in 1930 ag- 
gregated $2,063,330,815, of which motor- 
vehicle users contributed $897,982,422, 
or 30.4 per cent. 

There is no Federal regulation of truck 
or bus operators in the United States. 

Railway passenger traffic has been 
more greatly affected by competition 
from private motor cars than from motor- 
bus service. In freight traffic, competi- 
tion has been keenest within a radius of 
from fifty to two hundred miles, es- 
pecially in less-than-carload traffic. 

The railways have adopted three kinds 
of measures to meet motor-transport 
competition. The first is technical, 
involving improvements in operations, 
service, equipment, and the like. Second 
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is the organization of their own motor- 
transport services, as substitutes for 
unprofitable train service, as _ feeder 
services in areas not reached by rail, 
or as independent services operated by 
the railways themselves. The third 
type consists of adjustments in freight 
and passenger rates, designed to meet 
motor-truck and bus rates. 

Public sentiment in the United States 
is to the effect that nothing should be 
done to arrest motor-vehicle develop- 
ment, but that the present unrestrained 
competition should be replaced by more 
rational forms of competition between 
rail and highway transport. 

Canada. Both of the two leading rail- 
ways in Canada have suffered severe 
losses in passenger and freight traffic 
since 1928. 

Highway conditions have not been 
favorable to the development of motor 
transport. Many of the roads are unim- 
proved, while some of the improved earth 
roads are closed to traffic during the long 
winter. Motor transport is generally 
restricted to those sections that are most 
densely populated, or are better situated 
geographically. 

There is an increasing tendency in 


Canada to regulate motor buses. Taxes 
paid by them are high. In Ontario, a 
thirty-passenger motor bus traveling 


30,000 miles a year pays a tax of $840, 
while a motor truck traveling the same 
distance pays only $215. Motor-truck 
traffic has not yet seriously affected rail- 
way traffic. ‘In a country where the 
climate and great distances have a con- 
siderable influence on transport methods, 
it is hardly possible for the automobile to 
become a real danger for the railways.”’ 

Great Britain. The decline in rail 
traffic in recent years is explained by the 
economic crisis, and by development of 
the motor vehicle. 

Motor-transport growth has been rapid 
in Great Britain. The capital invested 
in British highways is estimated as be- 
tween 1,600,000,000 and 2,000,000,000 
pounds. The annual expenditure for 
upkeep and construction of new high- 
ways aggregates 60,000,000 pounds. 

The British railways have adjusted 
themselves to the competitive situation 
by modernizing their delivery systems, 







Jury, 1935 


and by acquiring a part in many existing 
motor-transport undertakings. _ Parlia- 
ment has passed several acts designed to 
regulate the motor-traffic situation, such 
as the Road Traffic Act of 1930, and the 
Road and Rail Traffic Act of 1933. All 
commercial motor-vehicle operators must 
now be licensed. The railways have 
the right to make special rates to any 
shipper, on approval by the Railway 
Rates Tribunal. 

France. The railways of France con- 
sist, for the most part, of five private 
companies and the state system. The 
private companies operate under con- 
cessions from the state. They are under 
close supervision by the state, state 
directors sit on the board of each com- 
pany, and their annual deficits are 
guaranteed by the state. 

The state system is made up of the 
state railway proper and the. Alsace- 
Lorraine system, which was taken over 
after the war. 

French railways have been and are in 
serious financial condition. Their an- 
nual deficits have increased steadily, 
from 180,000,000 francs in 1929 to 
4,109,000,000 francs in 1932, while their 
revenues have been declining. 

Highway improvement in France 
has been rapid, and annual road expendi- 
tures approximate 5,000,000,000 francs. 

Legislation respecting motor transport 
has favored the operator. Freight-trans- 
port enterprises have complete freedom, 
being subject only to the same provisions 
as are applicable to every motor-car 
owner. In addition, the state may 
grant subsidies to motor-transport ser- 
vice for the conveyance of freight. 
Subsidies are also granted to certain 
passenger motor operations, subsidized 
lines being subject to regulatory mea- 
sures. 

Motor enterprises pay the same general 
taxes levied on other industries, and in 
addition pay gasoline and oil taxes, regis- 
tration taxes, a tax on drivers’ licenses, 
and a road-maintenance tax. The total 
of these special taxes amounted in 1930 
to 3,400,000,000 francs. 

The decrease in passenger traffic on 
the railways is ascribed generally to 
motor-transport development. Motor- 
truck competition has been felt more es- 
pecially in connection with livestock, 
household goods, groceries, wines, and 
other similar forms of traffic. The rail- 
ways calculate that their loss to motor 
transport is 410,000,000 francs per year, of 
which slightly more than half was lost 
to passenger traffic, and slightly less 
than half to freight traffic. 

To meet this competition, the railways 
have established reduced rates in certain 


cases, have speeded up their parcel traf- 
fic, and have increased their transport 
and delivery services. 

Germany. Following the war, all the 
railways in Germany were transferred 
to the central government. They are 
operated by an organization known as 
the Deutsche-Reichsbahn Gesellschaft 
(DRG). 

Railway traffic has been declining, so 
that in 1933 the company had a total 
deficit of 309,900,000 Reichsmarks. The 
deficit is largely due to the economic 
crisis, heavy fixed charges, and motor- 
transport competition. 

Highways in Germany are constructed 
and maintained by the states, provinces, 
counties, and municipalities. For this 
reason, it is difficult to secure comprehen- 
sive statistics as to the costs of highways. 

Motor-bus operations are conducted 
by the Reichspost or Post Office De- 
partment, by provincial, municipal, and 
other governmental authorities, and by 
privately organized enterprises. The 
most important service is that of the 
Reichspost. 

Taxes paid by motor-carrier operations, 
in addition to the usual capital and in- 
come taxes and other taxes on property, 
include the motor-vehicle tax and the 
tax on fuel, which produce some 670,- 
000,000 rm per year. 

The railways have met the competitive 
situation by improved service, more 
rapid delivery, better connections, con- 
tainer services, and the like. Reduced 
rates have also been made. 

The government has instituted a license 
system for motor-transport service, to- 
gether with compulsory minimum tariffs, 
designed to bring motor and rail rates 
into a condition of greater balance. 


PRINCIPAL ASPECTS OF ROAD AND RAIL 
PROBLEM 


Part II of the report is devoted to an 
analysis of the principal aspects of the 
road and rail problem. 

With the coming of motor transport, 
a limited or authorization system of 
concessions has developed, consisting of 
regulation and compliance with certain 
conditions of an administrative or tech- 
nical nature, none of which applies to the 
railways. 

The distinction usually made between 
different forms of motor transport are 
between, first, public and non-public 
transport; second, common carrier and 
contract carrier, and third, regular 
and occasional transport. Railway tariff 
regulations have been developed to a 
considerable degree in most countries, 
but the structure of motor-carrier tariffs 
is, as a rule, less clearly defined. 
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Two forms of transport taxation are 
described. The first is of the nature of 
tolls, which may be paid either by the 
carrier or by the user. The second may 
be a tax either on the physical quantity 
of traffic, or on the financial yield, in 
terms of gross or net revenue. 

Motor-transport taxes in the United 
States are described as the Federal excise 
tax on gasoline and on lubricating oils, 
together with percentage levies on new 
motor vehicles, tires, and tubes. The 
state taxes are the usual property tax 
and special taxes consisting of registra- 
tion or license fees and a gasoline tax. 
License fees for commercial vehicles are 
graduated to the weight of the vehicle, 
the number of seats, the gross receipts, 
the distance covered, or the output in 
passenger-miles or ton-miles. 

Measures adopted by the railways in 
various countries to meet motor-trans- 
port competition are next analyzed. A 
long list of technical measures is pre- 
sented, the more important of which are 
the speeding-up of trains, the establish- 
ment of door-to-door delivery, utiliza- 
tion of containers, establishment of joint 
services with motor-transport agencies, 
and organization of motor services by 
the railways themselves. 

Many tariff measures have also been 
adopted, consisting generally of reduc- 
tion of rates, introduction of a flat rate 
for small consignments, reduced tariffs 
for consolidated consignments, special 
door-to-door rates, establishment of 
joint road and rail tariffs, and special 
tariffs for passengers traveling with motor 
cars. 

The survey of general legislation de- 
signed to regulate motor transport de- 
scribes certain regulations as to safety, 
hours of work, wages, insurance, and the 
like. 

Three comprehensive tables or charts 
are inserted at the back of the volume 
which give a bird's-eye view of the 
situation in the different countries. 
The first table outlines the legal bases of 
railway and motor-transport organiza- 
tion in the several countries. The sec- 
ond table indicates the types of taxation 
levied on both railway and motor trans- 
port in the various jurisdictions. The 
third table lists the various measures 
taken by the railways to meet motor- 
transport competition. There are 20 
items under technical and other measures, 
together with many sub-items, and 17 
items under tariff measures, with a num- 
ber of sub-items as well. This indicates 
that the railways have not been idle in 
designing and in instituting measures 
with which to meet the inroads of the 
motor vehicle. 





Statistics 


TrEND ANALYsis OF STaTIsTICs, THEORY, AND 
Tecunique, by Max Sasuly. The Brookings 
Institution, Washington, D. C., 1934. Cloth, 
61/2 X 9'/2 in., 421 pp., $5. 


Matuematics EssentiaL FOR ELEMENTARY 
Statistics, by H. M. Walker. Henry Holt 
and Company, New York, N. Y., 1934. 
Cloth, 51/4 X 7/2, 246 pp., $1.50. 


Reviewep By E. Ditton SmitTH? 


HIS first of these books is of particu- 

lar interest to the engineer since pre- 
cise trend determination is important 
in many branches of engineering and the 
allied sciences. The basis of and the 
technique for trend analysis in some of its 
most recent forms are discussed. The 
book is arranged so that the theoretical 
presentation is often followed by an il- 
lustrated example. The methodology 
presented will be found to be time-sav- 
ing and effective for any research labo- 
ratory or office. 

The usual form of the polynomial 


Me= aq taxt....+ 4%". [1] 


Polynomials like [1] have many draw- 
backs; some of which are: difficulty of 
fitting to data; loss of original work 
when degree of fit is altered after the 
original fit; correlation between terms; 
and complicated tests of significance of 
the various terms. 

These drawbacks can be eliminated by 
the use of orthogonal polynomials. 
This book is mainly concerned with the 
orthogonal series 


which is subject to the orthogonality 
property 
=T;T, = 0; 


The property of [3] means that there is 
no correlation between successive terms 
of [2] as is the case of [1]. An effective 
technique to simplify the numerical 
computation of fitting [2] to data by 
use of a tape- or listing-adding machine 
and a mechanical computator is also 
presented. The fitting process is carried 
out in successive stages. 

A discussion of interpolation and 
power and factorial moments are among 
some of the specialized subjects that have 
also been presented in connection with 
the analytic trend determinatior of poly- 
nomials. Several fitting criteria are 


2 Chairman, A.S.M.E. Committee on Sta- 
tistics in Industry. Department of Mechani- 
cal Engineering, School of Technology, The 
College of the City of New York, New York. 





suggested, while special attention is 

given to the criterion of least squares. 

Books of this type and usefulness are, 
indeed, rare. Its theories and techniques 
are suitable for the analysis of many 
problems in engineering. This book is, 
in fact, one of the best that has been pub- 
lished in this country that has come to 
the reviewer's attention for some time. 
Unfortunately, some of the simpler 
European techniques, such as those of 
Aitken and Fisher, have not been men- 
tioned by the author; probably due to 
their publication after Sasuly’s manu- 
script was complete. 

Most of the engineers and technical 
men are now discovering that in order 
to understand the modern world, and 
in order to read the rapidly expanding 
literature of their fields, they need to 
become conversant with _ statistical 
method. But statistical method, even 
in its simpler phases, is a branch of 
applied mathematics. Refusal to admit 
this fact will not lessen the difficulties 
which await the technical man who is 
unable to think competently in numerical 
and symbolic form. Dr. Walker's book 
contains all the mathematical topics 
which contribute most directly to ele- 
mentary statistical method, with the ex- 
ception of calculus. 

This book presupposes only a slight 
knowledge of mathematics, but, on the 
other hand, it does not deal at length 
with simple and elementary relations 
and a great deal of the material in this 
book is probably unfamiliar to the en- 
gineer. Stress is laid on the principle of 
summation and the ability to use sym- 
bolism creatively as a language; on the 
development of such concepts as “‘vari- 
able,"’ ‘‘parameter,’’ and ‘‘residual;"’ 
on homogeneity among moments and the 
method of least squares; and on the 
derivation of a number of simple statis- 
tical formulas. The arrangement of the 
book permits a rapid review of those 
topics with which the engineer has once 
been familiar, and enables him to omit 
those topics he has already mastered, 
and to discover quickly those sections 
containing material he does not know. 
This, alone, is a good recommendation 
for the book. The book is not a sta- 
tistical text, as its subject indicates. 

Dr. Walker has done a fine job, and 
the book should be in the hands of those 
who want to know about the mathe- 
matics essential to the statistical method 
who but do not have the necessary 
background. It will aid those interested 
in the subject, for too few researchers and 
industrialists have a clear idea of the 
basic foundation upon which statistical 
method is built. 
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Books Received in Library 


Air ConpitIon1nG, Fundamental Principles, 
Practical Installations, and Ozone Facts. By 
E. W. Riesbeck. Goodheart-Willcox Com- 
pany, Inc., Chicago, 1934. Leather, 5 X 8in., 
352 pp., illus., diagrams, charts, tables, $3.50. 
The first section of this book discusses the 
installation and operation of air-conditioning 
equipment in non-technical language and from 
a practical point of view. The second section 
discusses in similar fashion the use of ozone for 
sterilizing air and water. The book is de- 
signed to assist heating and plumbing con- 
tractors and others interested in air-condition- 
ing. 


A.T.M.—Archiv fiir Technisches Messen. 
Tables 39-44, September, 1934—Feb., 1935 
R. Oldenbourg, Munich. Paper, 8 X 12 in., 
illus., diagrams, charts, tables, 1.50 rm. each 
This interesting review of methods and in- 
struments for use in technical measurements 
covers a wide field. The book appears seri- 
ally. Each article is classified and arranged 
so that the material can be collected in loose- 
leaf binders. The articles are by specialists 
and are provided with useful bibliographies, 
making the work a useful reference tool. 


BIBLIOGRAPHY OF AERONAUTICS, 1931. Na- 
tional Advisory Committee for Aeronautics. 
Government Printing Office, Washington, 
D. C., 1935. Paper, 7 X 10 in., 312 pp., 
$0.50. This bibliography continues the series 
begun by the Smithsonian Institution in 1909 
and continued since then by the National Ad- 
visory Committee on Aeronautics. The pres- 
ent volume presents an author and subject 
index to the publications of 1931, including 
books, the contents of forty-six magazines, 
and the publications of Government depart- 
ments, research institutions, etc. 


Bo1Ler Fuets AND TRIALS. 


and I. C. S. staff. 


By A: S. Callen 
International Textbook 
Co., Scranton, Pa., 1933. Leather, 5 X 8 in., 
diagrams, tables, $1. The first section of 
this book discusses the composition and char- 
acteristics of coal and fuel oil, their analysis 
and proper methods of burning them. The 
second section describes the conduct of boiler 


trials and the calculation of the results. The 
presentation is simple and practical. 
Davison’s Rayon AND Sitk Trapegs. For- 


tieth edition. Davison Publishing Co., New 
York, 1935. Cloth, 5 X 7 in., 587 pp., maps, 
$5.50. A guide and directory to the silk and 
rayon industry of America. Manufacturers, 
dyers, wholesalers and jobbers of these textiles 
are included, as well as makers of machinery, 
supply houses, etc. The book attempts to 
meet all the needs of sales and purchasing 
departments and is revised annually. 


Evementary Mecuanics. Revised edition. 
By J. B. Reynolds. Prentice-Hall, New York, 
1934. Cloth, 6 X 9, 336 pp., diagrams, $2.75. 
This text is intended for a first course in 
mechanics in technical schools and for a course 
in institutions which desire to prepare students 
for technical work with the least possible 
groundwork in mechanics. The book calls 
for only an elementary knowledge of algebra 
and geometry, and is confined to the easier 
applications of the subject. Extensive use is 
made of illustrative examples, and many prob- 
lems and exercises for the student are included. 


DesIGn. 
Hum- 


ELements or Motor VEHICLE 


By C. T. B. Donkin. Second edition. 
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phrey Milford, London; Oxford University 
Press, New York, 1935. Cloth, 6 X 9 in., 
289 pp., diagrams, tables, $4.25. This text 
presents the basic principles of automobile 
design and shows how they are applied in 
practice. Working formulas are given and 
their use shown by worked examples. The 
book is designed as a textbook for students and 
a reference work for designers and draftsmen. 
The new edition has been revised and partly 
rewritten. 


FENCING AND OrnHer Sarety PRECAUTIONS 
FOR Power Presses. Safety Pamphlet No. 9. 
His Majesty's Stationery Office, London, 1934. 
Paper, 6 X 10 in., 86 pp., illus., diagrams, 
Is 6d. (British Library of Information, 
New York, $0.50.) The dangers attendant 
upon the operation of presses for working 
sheet metal are indicated and methods for 
preventing them are shown in this pamphlet. 
A laige number of guards and safety devices 
are illustrated and proper methods of work are 
explained. 


ForscHUNGSHEFT 370. StTROMUNGSMASCHI- 
NEN zum Ahnlichkeitsgesetz fiir Hohlraum- 
bildungen, by A. Reinhardt; Strémung in 
Spiralgehausen, by H. Kranz. V.D.I. Ver- 
lag, Berlin, January-February, 1935. Paper, 
8 X 12 in., 31 pp., illus., diagrams, charts, 
tables, 5 rm. In the first of these researches 
upon hydraulic turbines Dr. Reinhardt dis- 
cusses the application of the theory of simili- 
tude to the problem of cavitation. Previous 
work has been collected and extended, and 
the deductions tested by experiments to deter- 
mine their practical applicability. Experi- 
mental results deviated from the Newtonian 
law of similitude. In the second paper Dr. 
Kranz reports an investigation of the flow in 
turbine spirals of various forms, and the effect 
of the shape of the housing upon turbine ef- 
ficiency. 


FUHRER DURCH DIE TECHNISCHE MECHANIK, 
Eine neuartige Ubersicht iiber ihre Grundlagen 
Methoden und Ergebnisse fiir Studium und 
Praxis. By H. Miller. J. Springer, Berlin, 
1935. Paper, 7 X 10 in., 118 pp., diagrams, 
charts, tables, 8.50 rm. The aim of this book 
is to present the principles, methods, and re- 
sults of technical mechanics in a way that will 
bring out clearly the inter-relations of statics, 
kinetics, and kinematics as branches of a single 
science. The work is comprehensive and con- 
cise, and well suited for those wishing to re- 
view the subject or in search of a convenient 
reference book. 

Hanpsook oF ButTANe-PropaNe GasEs. 
Edited by G. H. Finley. Second edition. 
Western Gas, Los Angeles, Cal. Leather, 
9 X 12 in., 375 pp., illus., charts, diagrams, 
tables, $5. The handbook provides a compre- 
hensive survey of the growing liquefied pe- 
troleum-gas industry, prepared by a number 
of specialists. The physical and chemical 
properties of these gases; methods of testing 
and analysis; their manufacture from natural 
gas and extraction from refinery gases; trans- 
portation, storage, distribution, and uses are 
all discussed. A large amount of practical 
information is brought together in convenient 
form. There is an extensive bibliography, 
covering the literature from 1926 to 1934. 


Hanpsucn Der Mertattpuysik. Edited by 
G. Masing. Vol. 1, Der Meratuiscue Zus- 
TAND DER Marerie. Part 1: Gitteraufbau 
metallischer Systeme. By U. Dehlinger. 
Part 2: Grundlagen des metallischen Zu- 


standes. Physikalische Eigenschaften der Me- 
talle. By G. Borelius. Akademische Ver- 
lagsgesellschaft, Leipzig, 1935. Cloth, 7 X 
10 in., 520 pp., ian, charts, tables, 
47.60 rm. This is the first volume of four 
which are to be issued under the editorship 
of the director of the electrochemical labora- 
tories of the Siemens & Halske Company, and 
which are intended to survey the results that 
have been obtained by the application of physi- 
cal methods to the study of the science of 
metals. In the present volume, Professor 
Dehlinger discusses the lattice structure of 
metallic systems, and Professor Borelius the 
fundamentals of the metallic state and the 
physical properties of metals. The book 
affords a convenient, authoritative review of 
these subjects. Extensive bibliographies are 


provided. 


Henvey’s TwentietH Century Book oF 
FormMuas, Processes AND TRADE SECRETS. 
Edited by G. D. Hiscox and T. O. Sloane. 
Norman W. Henley Publishing Co., New 
York, 1935. Cloth, 6 X 9 in., 809 pp., tables, 
$4. A valuable reference book for the home, 
factory, office, laboratory, and workshop which 
has been popular for over twenty-five years 
and has frequently been revised. This edition 
claims thorough revision and the addition of 
considerable new material. 


History or Macic aND EXPERIMENTAL 
Science. Vols. 3 and 4, Fourteenth and 
Fifteenth Centuries. By Lynn Thorndike. 
Columbia University Press, New York, 1934. 
Cloth, 6 X 9 in., vol. 3, 827 pp., vol. 4, 767 pp., 
tables, $10 (2 vols.). These volumes extend 
Professor Thorndike’s important study of 
medieval thought on scientific matter through 
the fourteenth and fifteenth centuries, and 
provides welcome assistance to the student of 
the history of experimental science, who will 
find them indispensable. Much of the work is 
based upon manuscripts that have been un- 
examined heretofore, and many new experi- 
menters and inventors have been discovered. 
The work is issued by the History of Science 
Society. 


HERSTELLUNG UND EIGENSCHAFTEN DER 
KuNnstsEIDE UND Srtapecraser. (Ergebnisse 
der angewandten physikalischen Chemie.) 
Vol. 2. Edited by M. Le Blanc. By A. Zart. 
Akademische Verlagsgesellschaft, Leipzig, 
1935. Paper, 6 X 9 in., pp. 229-346, illus., 
diagrams, charts, tables, 9.80 rm. This little 
book forms part of a larger work, the ‘‘Results 
of Applied Physical Chemistry.’’ It presents, 
in compact form, a summary of the theoretical 
principles underlying the various processes 
used for manufacturing rayon. The book 
affords an excellent review of the subject in 
concise form and contains an extensive bibliog- 
raphy. 


Jones’ Estimatinc Tastes on Air Require- 
ments and Duct Sizes for Heating and Air 
Conditioning. Domestic Engineering Pub- 
lications, Chicago, 1934. Cloth, 6 X 9 in., 
68 pp., diagrams, tables, $2.50 (subscription 
to Domestic Engineering included). These 
tables present a rapid method for estimating 
heating and air-conditioning installations for 
dwellings, intended for use of contractors. 
The tables enable the air requirements, duct 
sizes, etc., to be determined for any forced- 
air heating system, under winter conditions 
in any part of the United States. 


Journat or THE Roya TecHNicaL COLLEGE. 


Vol. 3, Part 3, Jan., 1935, pp. 339-526. Royal 


457 


Technical College, Glasgow, Paper 7 X 10 
in., illus., diagrams, charts, tables, 10s 6d. 
The journal records research work recently 
carried out by the faculty and students of the 
college. Among the papers of direct engineer- 
ing interest are “The overstraining of mild 
steel, direct and bending stresses in thin spheri- 
cal shells; lubrication and bearing design; 
the deflection characteristics of bolted joints; 
contact film resistance in rail-wheel force 
fits; the interpretation of some torsiograph 
records; the effect of air on heat transmission 
in surface condensers and air coolers; modifica- 
tions of the cold-cathode Braun tube; strobo- 
scopic examination of transitory torques; ex- 
periments on inert dust used in coal mines; the 
bactericidal action of ultra-violet light."’ 


Louse, TAFELN FUR NuMerRIscHEs RECHNEN 
mit MascHINeN. Second edition. Edited by 
P. V. Neugebauer. Wilhelm Engelmann, 
Leipzig, 1935. Cloth, 7 X 10 in., 113 pp., 
tables, 6 rm. The first edition of these tables 
appeared in 1909. The — edition is a 
photographic reprint in slightly smaller size, 
with a few omissions and some improvements. 
The volume includes a table of reciprocals, a 
table of natural trigonometric functions to 
five decimal om for each one-hundredth 
of a degree of the quadrant, a table of square 
roots, and tables fer converting minutes of 
time into degrees, and minutes and seconds of 
arcs into decimals. The book is clearly 
printed and inexpensive. 


MascHINEN UND WERKZEUGE DES GESENK- 
SCHMIEDENS. By H. C. Braun and H. Kaess- 
berg. V.D.I. Verlag, Berlin, 1935. Paper, 
6 X 8 in., 32 pp., illus., diagrams, 1.90 rm. 
This little book contains a concise, well- 
illustrated description of modern tools and 
machines for die forging. The demands 
placed upon tools, the materials worked, tool 
manufacture and tool costs are discussed. The 
text appeared previously in Maschinenbau. 


MarkKETING I[NDustRIAL Equipment. By B. 
Lester. McGraw-Hill Book Co., New York 
and London, 1935. Cloth, 6 X 9 in., 307 pp., 
charts, diagrams, maps, tables, $3.50. This 
book presents an outline for a study of the 
distribution of capital goods of an engineering 
nature from the ase snipe to the ultimate 
user, based upon a course of lectures given by 
the author in the graduate school of the 
University of Pittsburgh. Methods of market 
and product analysis, the principles involved 
in economic distribution, and the organization 
and operation of sales departments and sales 
outlets are discussed. 


Mecnanics or Materiats. By S. G. George 
and E. W. Rettger. McGraw-Hill Book Co., 
New York and London, 1935. Cloth 6 X 
9 in., 483 pp., illus., diagrams, charts, tables, 
$3.75. A textbook covering the essential 
topics of a first course in this subject, intended 
for students of engineering in American uni- 
versities. The treatment aims to be simple 
and complete, and numerous complete ex- 
amples are introduced to illustrate the applica- 
tion of theory. In discussing the design of 
members, modern methods of analysis and 
treatment are used. A chapter is devoted to 
the slope-deflection and moment area methods, 
and the theorem of three moments. 


MECHANIZATION IN INDustry. By H. Jer- 
ome. National Bureau of Economic Research, 
New York, 1934. Cloth, 6 X 9 in., 484 pp., 
charts, tables, $3.50. Dr. Jerome has made 
an extended study, largely through field sur- 
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veys in selected industries, of the development 
of mechanization in America and upon the 
effects observed. The nature and the results 
of progressive mechanization, and its social 
and economic consequences are discussed at 
length, and much detail as to actual changes is 
presented. The book will be of interest to 
students of social and economic problems 
generally, and especially to production engi- 
neers and factory managers. 


DEN ForRsCHUNGSAN- 
staLteEN GHH-Konzern. Vol. 3, no. 8, April, 
1935. V.D.I. Verlag, Berlin. Paper, 8 X 12 
in., pp. 199-222, illus., diagrams, charts, 
tables, 2.70 rm. The first of these papers de- 
scribes tests upon a heat-treated rail steel con- 
taining about 1 per cent of copper. The second 
describes a new electric cable invented by the 
Osnabriick Copper and Wire Works, which is 
highly resistant to acid, alkalis, and other 
chemicals. The third gives the results of an 
extended investigation of the form in which 
phosphorous occurs in chilled cast-iron rolls. 


MITTEILUNGEN AUS 


NitroGen System or Compounns. (Ameri- 
can Chemical Society Monograph Series No. 
68.) By E. C. Franklin. Reinhold Publish- 
ing Corporation, New York, 1935. Cloth, 
6 X 9 in., 339 pp., diagrams, tables, $7.50. 
All nitrogen compounds except the fluoride 
and the oxides may be regarded as derivatives 
of ammonia and as such said to constitute an 
ammonia system or, as these authors prefer to 
speak of it, a nitrogen system. The object of 
this monograph is to outline this system and 
call attention to the remarkable extent to 
which the compounds of nitrogen simulate in 
their —— and behavior the analogous 
compounds of oxygen. 


PrakTiscHE GETRIEBETECHNIK. By C. 
Breuer. No.1: Fisrunoscerriese. V.D.I. 
Verlag, Berlin, 1935. Paper, 8 X 12 in., 29 
pp., illus., diagrams, charts, 3.50 rm. This 
pamphlet is intended for ee of folding 
and wrapping machinery, and purports to be 
the first discussion of the principles underlying 
machines of this type. It describes methods 
for producing a wile variety of complicated 
foldings from a small number of simple proc- 
esses. The work is the first section of a new 
work on gear design, which is intended to pre- 
sent the results obtained by research work di- 
rected by Dr. Rauh, in a form suited for prac- 
tical use. 


PraxtiscHes HaNpDBUCH DER GESAMTEN 
ScuweisstecHnik. By P. Schimpke and H. A. 
Horn. Vol. 2. Second edition. Elektrische 


Schweisstechnik. J. Springer, Berlin, 1935. 
Leather, 6 X 9 in., 274 pp., illus., diagrams, 
charts, tables, 15 rm. A comprehensive ac- 
count of welding technique, covering arc, 
resistance, and gas-electric welding, electric 
soldering and cutting, weld testing, etc., as 
well as the applications of the processes for 
various purposes. The authors are experi- 
enced instructors, and the book is an unusually 
complete and detailed text, covering both 
theory and practice. 


Principces OF Puase DiaGrams. Alloys of 
Iron Research, Monograph Series. By J. S. 
Marsh, with a foreword by J. Johnston. Pub- 
lished for the Engineering Foundation by the 
McGraw-Hill Book Co., New York and 
London, 1935. Cloth, 6 X 9 in., 193 pp., 
diagrams, charts, tables, $3. Chemists and 
metallurgists will find in this book a clear, 
concise presentation of the principles of phase 
theory, designed especially to facilitate clear 


understanding of ternary phase diagrams. 
The book is admirably planned to prepare the 
reader to interpret the phase diagrams which 
he meets in his reading, and to work out spe- 
cial cases. Users of the Alloys of Iron Re- 
search Monographs will find it very valuable 
as a key to the diagrams which these works 
contain. 


PrincipLes OF Quantum Mecuanics. By 
P. A. M. Dirac. Second edition. Clarendon 
Press, Oxford; Oxford University Press, New 
York, 1935. Cloth, 6 X 10 in., 300 pp., 
tables, $6. The first edition of this book ap- 
peared in 1930 and at once won recognition 
as a contribution of outstanding importance 
to modern physical theory. The new edition 
has been largely rewritten and thoroughly re- 
vised. Dr. Dirac has tried to give the develop- 
ment of the theory in a rather less abstract 
form, which will be suitable for a wider circle 
of readers. He has also added some new mat- 
ter, including a chapter on field theory. 


PROCEEDINGS OF THE FourTH INTERNATIONAL 
Conoress ror ApptigD Mecuanics, Cambridge, 
England, July 3-9, 1934. University Press, 
Cambridge, England, 1935. Cloth,7 X 11 in., 
283 pp., illus., diagrams, charts, tables, f1. 
This volume contains the seven general lectures 
delivered at the Congress, and abstracts of the 

apers presented at the sectional meetings. 

he lectures are: Recent Progress in Analyzing 
Machines, by Vannevar Bush; Définition du 
Domaine Elastique dans le Corps Isotropes, by 
A. Caquot; The Vibration Problem in Engi- 
neering, by J. P. den Hartog; Some Aspects 
of the Turbulence Problem, by Th. von Kar- 
man; Waermeuebertragung, by Ernst Schmidt; 
The Strength of Crystals of Pure Metals and 
of Rock Salt, by G. I. Taylor; and Ueber das 
Gleiten von Koerpern auf der Wasserober- 
flaeche, by Herbert Wagner. 


Pusuic Utititry VALUATION FoR PurRpPosEs OF 
Rate Controt. By J. Bauer and N. Gold. 
Macmillan Co., New York, 1934. Cloth, 
6 X 9 in., 477 pp., $3.50. The aim of this 
book is to present, in a single volume of 
moderate size, a comprehensive discussion of 
utility valuation. The economic and legal 
fundamentals, the practical methods pursued, 
and the procedura — of valuation are 
discussed, with special regard to objectives, 
policy, and administrative requirements of 
public control. The — system of rate 
regulation is examined critically and sugges- 
tions for revision offered. The authors are 
well-known specialists in the field, and the 
book is an important addition to the literature. 


Six Ways to Figure Rapiation. Edited 
by H. L. Alt. Domestic Engineering Co., 
Chicago, 1935. Cloth, 4 X 7 in., 64 pp., 
diagrams, tables, $2. The various methods 
which are in use for determining the amount 
of radiation required to heat a room are 
bought together in this little book, and their 
use explained. 


STOFFERSPARNIS IN DER Werkstatr. Drei 
Vortrage der Betriebswissenschaftlichen Ta- 
gung der A.D.B. vom 24, u. 25. September, 
1934, in Berlin. V.D.I. Verlag, 1935. Paper, 
6 X 8in., 34 pp., maps, illus., diagrams, tables, 
$1.90rm. Shortage of raw materials is a press- 
ing problem in the German manufacturing 
industry, and the three addresses published 
in this booklet discuss certain aspects of the 
problem. The first describes the raw-ma- 
terials situation in Germany. The second dis- 
cusses possibilities of economy through suit- 
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able selection of manufacturing processes, and 
the third, ways in which material may be 
saved in machine-tool construction. 


StructuRE AND Properties or Matter. 
By H. T. Briscoe. McGraw-Hill Book Co., 
New York and London, 1935. Cloth, 5 X 
8 in., 420 pp., illus., diagrams, charts, tables, 
$3.55. This book aims to provide a concise 
account of some of the facts and opinions con- 
cerning matter as they have been discovered 
or suggested from the time of Aristotle to that 
of Bohr and Schroedinger, and to interpret 
them from the point of view of the chemist. 
It provides an elementary description of the 
physical and mathematical concepts of matter 
in a single volume, adapted for class study, 
and suited to the needs of older students who 
wish to bring their information up to date 


TextTBook oF MecHanicaL ENGINEERING. 
His Majesty's Stationery Office, London, 
1934. Cloth, 6 X 9 in., 690 pp., illus., dia- 
grams, charts, tables, 12s. This manual of 
engineering practice is issued by the British 
War Office, for use of army engineers and me- 
chanical workmen. Part one, on workshop 
Practice, describes foundry work, blacksmith- 
ing, boilermaking, welding, fitting, metal 
and woodworking. Part two, on heat en- 
gines, describes the maintenance and operation 
of steam, gas, and oil engines. Part three de- 
scribes the transmission of power, lubrication, 
and the operation of air compressors and 
pneumatic tools and of refrigerating machin- 
ery. The treatment is entirely practical, and 
a large amount of definite information is com- 
pressed into a single volume. 


TuHeory OF VIBRATIONS FOR ENGINEERS. By 
E. B. Cole, Crosby Lockwood & Son, London, 
1935. Cloth, 5 X 9 in., 263 pp., diagrams, 
charts, tables, 15s. This book aims to bridge 
the gap between the elementary treatment of 
this subject which is found in textbooks on 
the elasticity of materials and the higher stud- 
ies which call for considerable mathematical 
attainments. It provides an intermediate 
course, in which the physical meaning of the 
mathematical equations is stressed sak aeenial 
attention is given to methods of practical 
utility to designers of high-speed machinery. 
There is a brief bibliography. 


Tuomas’ ReGisteR OF AMERICAN MaNurac- 
TuRERS. Twenty-fifth edition. Thomas Pub- 
lishing Co., New York, 1935. Cloth, 9 X 
12 in., 10,914 columns, illus., $15 (to adver- 
tisers and renewal subscriptions $10). 
This volume provides a directory of manufac- 
turers, a directory of manufactured products 
with the names of the makers, and a directory 
of trade names. In addition there are direc- 
tories of banks, commercial institutions, and 
trade papers. The book is the most compre- 
hensive directory of the kind. The present 
edition has been thoroughly revised and con- 
siderably enlarged. 


Toots or Tomorrow. By J. N. Leonard. 
Viking Press, New York, 1935. Cloth, 
6 X 9 1n., 310 pp., illus., $3. Mr. Leonard dis- 
cusses modern developments in power re- 
sources and power distribution, in the creation 
of new alloys, in automatic machinery, and 
in transportation and communication, and 
discusses some of the ways in which these 
might make life easier, less laborious, and 
more secure. He also points to some lines 
along which striking progress may be expected. 
It is a thoughtful, interesting account of 
technological possibilities for the layman. 








WHATS GOING ON 





This Month’s Authors 


XTRAORDINARY activity and interest 

in hydroelectric developments call for a 
review of the factors involved in comparing 
steam and hydro power plants. The article 
by E. M. Givsert in this issue is taken from 
a more extensive paper on the subject recently 
presented. Mr. Gilbert, who is a member of 
the A.S.M.E., is a graduate of Cornell Uni- 
versity. He has been closely associated with 
steam and hydro plants since 1907. He served 
two years with Bonbright and Company, re- 
porting on various public-utility properties. 
Later he was vice-president and chief engineer 
of the W. S. Barstow Management Associa- 
tion, Inc. At present he is president of the 
E. M. Gilbert Engineering Corporation, of 
Reading, Pa 

Tu. von KArMAN, member, A.S.M.E., 
and director, Guggenheim Aeronautics Labora- 
tory, California Institute of Technology, 
Pasadena, Calif. He was educated abroad and 
holds degrees from Budapest, Géttingen, and 
Berlin. Before coming to this country he was 
engaged at G6ttingen and at the University 
of Aachen. 

Since 1884 AuGustus H. Gitt has been con- 
nected with the department of chemistry at 
the Massachusetts Institute of Technology. 
He styles himself a ‘‘reactive’’ chemist, and 
defines reactive as “‘the term applied to a per- 
son retired by rule, but still capable of action— 
hence in a chemical sense reactive."’ 

From a more extensive manuscript which 
contained detailed information on the lubri- 
cants in use at the Inland Steel Company, the 
paper by B. S. Burrett was prepared. Mr. 
Burrell is highly regarded for his knowledge 
and ability in the mechanical departments ot 
the steel industry. For 22 years he has been 
in direct charge of mechanical repair, main- 
tenance, and lubrication at the Inland Steel 
Company, Indiana Harbor, Ind., where he 
serves as general master mechanic. 

Every engineer knows who Herman 
ScHNemper, president of the University of 
Cincinnati, is and what he has done for en- 
gineering education in developing the ‘‘co- 
operative system."’ A chorus of loud amens 
will greet the reading of the last sentence of 
his paper. 

The legal status of the Committee on Ap- 
prenticeship Training of which Witiiam F. 
PaTTERSON is a member was apparently 
brought into question by the famous poultry 
decision of the Supreme Court. However, 
the work of training apprentices is not open 
to serious question, and Mr. Patterson's long 
experience in vocational guidance and educa- 
tion, chiefly in Wisconsin where so much 
pioneering in apprentice training has been 
carried on, entitles him to speak with au- 
thority on this subject. 

J. F. Kors, who is now dirctor of the de- 
partment of industrial relations of the Na- 


tional Metal Trades Association, has a back- 
ground of educational experience as state 
supervisor of industrial education for Illinois 
and as director of vocational education for 
the Board of Education of Salt Lake City. 

The study on the effect on the metal of vari- 
ous methods of cutting, including particularly 
flame cutting by means of hand and machine 
operated torches, was made by J. H. 
ZIMMERMAN, member, A.S.M.E., and assis- 
tant professor of mechanical engineering, 
specialist in the materials of engineering. 

R. G. McEtweer, general manager of the 
Ecorse Foundry Company, Ecorse, Detroit, 
Michigan, following a long experience in 
foundry work and the purchase of castings, 


has specialized in a foundry business to serve 
industries that have unusual metallurgical 
requirements and limited foundry facilities. 
When questions of new engineering societies 
and coordination of existing ones come up, 
Huser O. Crorrt, head of the department of 
mechanical engineering, University of Iowa, 
Iowa City, Iowa, and member, A.S.M.E., 
looks at the facts, makes a comprehensive 
study of the organizations that already exist, 
and develops a plan for a single unified en- 
gineering society—presented in this issue. 
This month's contribution from the depart- 
ment of economics, M.I.T., on current eco- 
nomic literature of interest to engineers, is by 
Harotp A. Freeman, of that department. 


Boards of Founder Societies Meet With Their Joint 
Functional Organizations 


ROGRESS in a better coordinated engi- 

neering profession was made on May 20 
when board members of the Founder Societies 
and representatives of the numerous joint 
functional organizations in which these socie- 
ties have common interests and obligations 
met for dinner at the Engineers’ Club, New 
York. In addition to the civil, mining, 
mechanical, and electrical national societies, 
there were represented the United Engineering 
Trustees, Inc., holding corporation and ad- 
ministrator of the joint real-estate and finan- 
cial affairs of the Founder Societies; its two 
departments, the Engineering Societies Li- 
brary and the Engineering Foundation, an 
institution for the furtherance of research in 
science and engineering; the American Stand- 
ards Association; the Division of Engineering 
and Industrial Research of the National Re- 
search Council; the Engineering Societies 
Employment Service; the American Engineer- 
ing Council; and the Engineers’ Council for 
Professional Development. 

The dinner provided the double opportunity 
for the board members and representatives to 
become acquainted with one another and to 
learn about the activities of the joint func- 
tional organizations. Graphic exhibits, pre- 
senting essential facts on the work of each 
organization, had been prepared and were on 
display before and after the dinner. Arthur 
S. Tuttle, president, A.S.C.E., presided, and 
Harvey N. Davis, president, Stevens Institute 
of Technology, acted as toastmaster. About 
90 were present. The American Society of 
Mechanical Engineers was represented by 
President Flanders, Past-President Wright, 
every member of the Executive Committee, Sec- 
retary C. E. Davies, and members of the Staff. 


UNITED ENGINEERING TRUSTEES, INC. 


Reporting for the United Engineering Trus- 
tees, Inc., its president, Harold V. Coes, mem- 
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ber, A.S.M.E., gave the market value of its 
securities as $1,236,677.25, with a book value 
of $1,338,852.98. During the year the by-laws 
had been revised, he said, and needed improve- 
ments had been made to the Engineering Socie- 
ties Building. 


ENGINEERING SOCIETIES LIBRARY 


For the Engineering Societies Library, 
Walter I. Slichter, chairman, claimed the dis- 
tinction of its being the largest maintained by 
any professional organization. Its collections 
included 145,000 volumes, he said, and it was 
used by 41,000 persons in 1934. Engineers in 
45 states and 21 foreign countries were helped 
by loans of books, copies of translations, or by 
direction to the literature. One-fourth of 
those who consulted the library did so by 
correspondence. As to finances, he reported 
that operating costs in 1934 had been $48,500, 
of which the Founder Societies had contributed 
$30,000, or 60 cents per member. $8500 had 
been earned by special services, he said, and 
the remainder had come from endowment. 
The appraised value, he announced, was 
$500,000. 

Turning his attention to plans for the future, 
Mr. Slichter said that it was the Board's desire 
to enlarge its usefulness to distant members, 
and outlined two plans to accomplish it. 

‘The first, which is in process of being put 
into effect, is to encourage and assist the public 
libraries in the various towns and cities to 
provide better facilities for the engineers of the 
neighborhood. This will be accomplished by 
making up a list of highly useful and desirable 
books and arranging that every librarian gets 
a copy, and incidentally to encourage the 
individual librarians to call upon us for help, 
advice, and suggestions in building up their 
engineering sections. 

“The second proposal is to build up a more 
ambitious auxiliary lending library of the 
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books most useful and generally in demand, 
and lend these on request by mail. This will 
require capital for the purchase of the books 
and operating expense to administer the sys- 
tem for the best interests of all concerned. It 
is a plan which we hope to put into execution 
as soon as financial conditions make it pos- 


sible.”’ 
ENGINEERING FOUNDATION 


H. P. Charlesworth, chairman of the Engi- 
neering Foundation, spoke briefly of the gifts 
by Ambrose Swasey, past-president and honor- 
ary member, A.S.M.E., by which that organi- 
zation had been set up and financed, and of its 
objectives, powers and policies, resources, 
functions, and methods. He listed some of its 
activities in the fields of education and sociol- 
ogy, and some of the technical researches that 
had been assisted by its funds 


AMERICAN STANDARDS ASSOCIATION 


As vice-president of the American Standards 
Association, Frederick E. Moskovics read a 
statement on the work that had been prepared 
by Howard member, A.S.M.E., 
president of A.S.A., who was unable to pre- 
sent it in person. He said that more than 
3000 technologists and experts were now at 
work on more than 200 standardization and 
safety-code projects. Receiving its first great 
impetus during the World War, the standardi- 
zation movement in this country, he pointed 
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out, was subsequently reorganized to serve 
industry. Starting as it did in machine shops 
with screw-thread standards, fits, and indus- 
trial safety codes, it outgrew the narrower 
confines of the shops and spread into every 
major manufacturing industry and into the 
The A.S.A., he said, 
was the central clearing house for American 
In spite of two 


homes of consumers. 


standards and safety codes 
reorganizations since the A.S.A. was formed, 
no reason had been found to change its funda- 
mental functions. Many states had written 
A.S.A. Codes into their regulatory provisions, 
he remarked. 

‘As long as industry has the machinery to 
adjudicate its own problems,"’ he concluded, 
‘we can resist inroads contemplated by govern- 
ment. The machinery of the A.S.A. has been 
tested for a long time, and it works. Today 
we are gearing it to an accelerated pace, to 
perform the duties and obligations w hich will 
be imposed upon us tomorrow by manufac- 
turers, distributers, and consumers.” 


NATIONAL RESEARCH COUNCIL 


The work of the Division of Engineering 
and Industrial Research, National Research 
Council, was presented by Maurice Holland, 
its director, who read a statement by Charles 
F. Kettering, A.S.M.E., 
“Industrial Prospecting; and by 
Jacobus, past-president, A.S.M.E 

‘In its primary functions,"* said Dr. Jacobus, 


entitled 
D. § 


member, 


“the Division of Engineering and Industrial 
attempts to balance 
The demonstration of research 


Research maintain a 
between: (1 
methods and 


national research projects representative of the 


techniques through large, 


major fields of engineering. Projects selected 


are broad and fundamental in character, of 


importance to groups of industries or one or 
more branches of engineering. (2) The pro- 
motion of research in the field of industry, 
largely through trade associations by such 
methods as addresses, literature, meetings, 
conferences, radio talks, research-laboratory 
inspection tours. (3) A research information 
service. 

The Division of Engineering and Industrial 
Research, he went on to say, cooperates with 
Engineering Foundation, which furnishes it 


office space in the Engineering Societies 
Building. The Division is in touch with 
1600 industrial-research laboratories in this 


country, and in correspondence with 100 
laboratories in the principal research centers 
abroad. It depends on interested industry for 
support of specific research projects. 

Dr. Jacobus then reviewed briefly the work 
of the Division and its policies and committee 
Organization procedure. He discussed the 
promotion of industrial research, and cited 
two special projects of the Division that 
demonstrated its strategic position in organiz- 
ing and mobilizing scientists and engineers for 
national and international events: the World 
Engineering Congress, held in Japan in 1929- 
1930, and the Chicago Century of Progress 
Exposition. He described the Division’s re- 
search information services, its administration 
of grants in aid in research, and its cooperation 
with the Science Advisory Board 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


George T. Seabury, secretary, A.S.C.E., and 
chairman, National Committee, Engineering 
Societies Employment Service, reviewed briefly 
the development of the Service since 1918, with 
its three offices in New York, Chicago, and 
an Francisco. In normal times, said Mr. 
eabury, the Employment Service was self- 
supporting, and in good times a surplus had 
been built up. During the past five years, 
however, this surplus had been exhausted and 
the major cost of operating the three offices 
had been borne by the Founder Societies. 
Reporting on the effectiveness of the Service, 
Mr. Seabury said that from 1923 to 1934, 
inclusive, 33,372 engineers had been registered 
in the three offices, 28,721 positions had been 
received for filling, and 13,870 placements had 
been made. Twenty-five per cent of the com- 
bined memberships of the Founder Societies 
had been assisted on one or more occasions 
In view of the extent to which the Service had 
served members, he contended, this activity 
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should be continued, improved, and expanded 


AMERICAN ENGINEERING COUNCIL 
At present the American Engineering 
Council's membership is made up of 7 national, 
9 state, and 25 local engineering societies, said 


John F. Coleman, president of the Council. 


Through these societies about 60,000 of their 
members are represented by the Council, which 
has been called the Washington Embassy of 
American engineers and engineering. Mr 
Coleman spoke of the renewed interest in the 
Council being shown by state and local socie- 
ties as a result of establishing more reasonable 
fees, of the the Council 
functions through certain 
objectives before the Council, and of its belief 


manner in which 
committees, of 
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that there is an opportunity and need to ad- 
vance the engineering profession by promoting 
the purposes of functional organizations and 
establishing coordinated committees between 
existing agencies, rather than starting new 
societies. 


ENGINEER'S COUNCIL FOR PROFESSIONAL 
DEVELOPMENT 

The purpose of the Engineers’ Council for 
Professional Development, said C. F. Hirsh- 
feld, member, A.S.M.E., its chairman, is the 
enhancement of the professional status of the 
engineer. It aims to coordinate and promote 
aspirations and efforts directed toward higher 
standards of education and practice, greater 
solidarity of the profession, and greater effec- 
tiveness in dealing with technical, social, and 
economic problems. The Council is a joint 
body, he continued, because the purposes for 
which it was formed could not conceivably be 
achieved except through the most intense and 
sympathetic cooperation of national organiza- 
tions representing several different interests in 
the profession. It consists of 21 members, 
three appointed from each of seven partici- 
pating bodies. Of these the Founder Societies 

A.S.C.E., A.I.M.E., A.S.M.E., and A.I.E.E 
and the American Institute of Chemical Engi- 
neers represent the major branches of the prac- 
tice of engineering. The Society for the Pro- 
motion of Engineering Education obviously 
represents educational interests, while the 
National Council of State Boards of Engineer- 
ing Examiners, a national organization formed 
by members of the boards set up by the different 
states for the registration of engineers, is ob- 
viously a necessary participant, since it repre- 
sents the increasingly important legal aspect 
and responsibility of the profession. 

Mr. Hirshfeld continued to discuss the ob- 
jectives and functions of the Council and its 
program, and to describe the work of its four 
subcommittees on (1) Student Selection and 
Guidance, (2) Engineering Schools, (3) Pro- 
fessional Training, and (4) Professional Recog- 
nition. He then spoke of the engineer's failure 
to take proper cognizance of the economic and 
social results of his work, and concluded by 
Saying: 

“The program of E.C.P.D. therefore visual- 
izes the production of an engineer of much 
greater breadth of vision than has been cus- 
tomary in the past. It stands for the soundest 
sort of training in technical matters but aims 
at the same time to develop that broad appre- 
ciation of human problems that it feels is neces- 
sary in the engineer of the future. By such a 
route it sees the engineer growing to full pro- 
fessional status and to full recognition as a 
professional man."’ 


GENERAL DISCUSSION 


Following the presentation of the reports, 
discussion was heard from the floor. Among 
those who spoke were President Flanders, 
Past-President Roy V. Wright, Charles F 
Scott, and W. L. Batt, members, A.S.M.E.; 
H. C. Parmelee, chairman, Information Com- 
mittee, E.C.P.D.; John P. H. Perry, director, 
A.S.C.E., and A. D. Flinn, director, Engineer- 
ing Foundation. Dr. Isaiah Bowman, chair- 


man, National Research Council, and president- 
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elect, The Johns Hopkins University, who was 
guest of honor, spoke of some of his engineer- 
ing experiences. 


E.C.P.D. Certification 
Program 


HO is an engineer, and by what right 

does he use that title or undertake to 
practice engineering? At present there is no 
single criterion by which an engineer's quali- 
fications can be measured, either by his fellows 
or by the public that uses his services. The 
legal status of an engineer is determined in 
some states by a process of examination, regis- 
tration and licensing. His educational status 
may be indicated by a college degree, and his 
technical qualifications by his grade of mem- 
bership in a national society of high repute. 
Neither do 
they all possess college degrees nor hold 
membership in a technical society. From the 
point of view of professional solidarity the 


Not all engineers are licensed. 


situation is chaotic. 

As part of its plan to enchance the profes- 
sional status of the engineer, the Engineers’ 
Council for Professional Development has 
undertaken to define minimum qualifications 
of education and experience, the fulfilment of 
which will entitle an engineer to be recognized 
as such among his fellows and in his relations 
with the public. E.C.P.D. is a conference of 
engineering bodies directly representing the 
professional, educational, technical, and legis- 
lative phases of an engineer's life. The par- 
ticipating bodies are the American Society 
of Civil Engineers, The American Society of 
Mechanical Engineers, American Institute 
of Electrical Engineers, American Institute of 
Mining and Metallurgical Engineers, American 
Institute of Chemical Engineers, Society for 
the Promotion of Engineering Education, and 


the National Council of State Boards of 
Engineering Examiners. 

Through its Committee on Professional 
Recognition, on which the participating 


bodies are represented, E.C.P.D. has proposed 
a ‘“‘minimum definition of an engineer,’’ and 
a ‘‘program of certification into the profes- 
sion.’’ The definition of an engineer sets up 
minimum qualifications of technical education 
and practical experience, supported by exami- 
nations designed to establish the individual's 
ability to be placed in responsible charge of 
engineering work and to render him a valuable 
member of society. These proposals are now 
before the governing boards of the constituent 
bodies of E.C.P.D. When approved they will 
provide the criterion and the mechanism for 
professional recognition of engineers. 

The program of certification into the pro- 
fession was drafted by Dr. D. B. Steinman who 
represents the National Council of State Boards 
of Engineering Examiners on E.C.P.D. He 
is also a member of the Committee on Profes- 
sional Recognition of which Conrad N. Lauer, 
president of the Philadelphia Gas Works, is 
chairman. The certification program recog- 
nizes the fact that the equivalent of a “‘grand- 
father clause’’ must be applied to permit auto- 
matic certification of those who are now recog- 
nized and accepted as engineers by legal au- 


thorities and by the profession. It also con- 
templates a reasonable transition period for 
the progressive adjustment of requirements 
and tightening of standards until the full 
program of E.C.P.D. for certification can be 
put into effect. Thus licensed engineers and 
certain members of technical societies will be 
automatically eligible to receive certificates 
according to a chronological plan up to 
January 1, 1938, at which time the formal 
certification will be put into effect. When 
that goal is reached it is hoped and expected 
that certification of an engineer by E.C.P.D. 
will set a minimum standard of professional 
training and experience by which he will be 
accepted and recognized among his fellows 
and in his relations with the public. 


A.S.M.E. Committee 
Appointments 


T A meeting on May 20 of the Executive 

Committee of the Council of The Ameri- 
can Society of Mechanical Engineers the fol- 
lowing committee appointments and Society 
representatives were reported: Junior Advisor 
to Committee on Meetings and Program, David 
C. Cory, Jr.; Junior Advisor to Committee on 
Local Sections, Herbert A. McAninch; com- 
mittee of American Foundrymen’s Association 
for publication on alloy cast iron, Arthur 
Pletz; representative to Langley Field Con- 
ference, N.A.C.A., A. Klemin; representative 
to Fiftieth Anniversary, Brussels, June 13 to 
15, of the Société Belge 
Industriels, Laurence V. 


Tulsa Oil and Gas 


Power Meeting 


des Ingenieurs et des 
Benét. 


National Oil and Gas Power Meeting was 

held at Tulsa, May 8 to 11, under the joint 
auspices of the Mid-Continent Section and the 
Oil and Gas Power Division of The American 
Society of Mechanical Engineers. About 175 
attended the four-day conference. The tech- 
nical program, which was published in the 
May issue of MecHanicaL ENGINEERING, page 
334, was slightly changed, as a paper by George 
Bays on Central Generating Plants was not 
presented, but in its place one by Joseph Niles 
on the Désign of Portable Rotary Drilling Ma- 
chines was substituted. 

On the afternoon of May 8 after a discussion 
of the characteristics of Diesel fuel oil the 
meeting considered the pending legislation to 
place a tax of 1/2 cent per gallon on all fuel oil. 
A resolution was passed protesting against 
such a Federal tax unless corresponding taxes, 
fully compensatory, be placed upon coal and 
upon power generated hydroelectrically, and 
upon any other fuel competing with Diesel fuel 
in Diesel engines, but not now taxed in pro- 
portion. 

The meeting was noteworthy for the very 
excellent and lively discussion that followed 
practically every paper. The papers of the 
meeting were published, some in the May issue 
of Diesel Power and the others in the May 9 is- 
Coordinated 
with the meeting was a small exhibit of Diesel- 


sue of the Oi] and Gas Journal. 


engine parts and accessories. 
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Mechanical Engineers’ Day, 
San Diego, Calif., July 7 


T THE California-Pacific International 

Exposition, Balboa Park, San Diego, 
Calif., Sunday, July 7, 1935, has been desig- 
mated as ‘‘Mechanical Engineers’ Day."’ 
Members of the A.S.M.E. who plan to visit 
the Exposition early in July should bear this 
date in mind. 

The American Society of Civil Engineers 
meets in Los Angeles, July 3 to 6, and its San 
Diego Section will be hosts at the Exposition 
to members and guests of that society on July 
7, which has also been designated ‘‘American 
Society of Civil Engineers’ Day.”’ 


C. H. Fellows Heads Boiler 
Feedwater Studies 


T A meeting of the Joint Research Com- 
mittee on Boiler Feedwater Studies, on 
which The American Society of Mechanical 
Engineers is represented, held in Cincinnati on 
May 7, 1935, the resignation of S. T. Powell as 
chairman was announced. It was with con- 
siderable regret that the committee accepted 
the resignation of its chairman. It insisted, 
however, that Mr. Powell retain his member- 
ship on the committee and on its executive 
committee. He will continue also as a mem- 
ber of the Committees on Finance and Stand- 
ardization of Water Analysis. The committee 
elected as its new chairman C. H. Fellows, 
Chemist of The Detroit Edison Company. 
R. C. Bardwell, Superintendent of Water Sup- 
ply of the Chesapeake and Ohio Railway Com- 
pany, was elected vice-chairman and the chair- 
man was authorized to appoint a secretary. 

A new subcommittee on important patents 
relating to boiler-feedwater treatment was 
stressed and the committee was organized 
Mr. Powell agreed to accept the chairmanship 
of this subcommittee and stated that from 
time to time this committee would prepare for 
publication a list of the most important patents 
and reports on the recent developments in the 
treatment of boiler feedwaters. 


S. F. Voorhees Heads 
Architects 


TEPHEN F. Voorhees, member of the 
Committee on Publications of The Ameri- 
can Society of Mechanical Engineers, has been 
elected president of the American Institute of 
Architects. Mr. Voorhees has been serving as 
chairman of the Construction Code Authority 
and is a member of the architectural firm of 
Voorhees, Gmelin, and Walker, of New York. 


A.E.C. News From 
Washington 


1 wscganaracen have been mailed to 
176,000 engineers for the survey of the 
profession by the U. S. Bureau of Labor Statis- 
tics in cooperation with Council and the engi- 
neering societies. July 6 is the closing date 
for receipt of blanks. 
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BUREAU OF LABOR SURVEY 


This survey is not to be confused with the 
queries being sent by the Founder Societies and 
others so that jobless members may register for 
possible employment under the Federal work- 
relief program. The Labor Department survey 
goes to the entire profession, regardless of 
society membership. It is for every one, em- 
ployed or unemployed. The blank can be 
filled out in a few minutes and mailed in the 
official envelope which requires no postage. 

If you did not receive a blank, write Andrew 
Fraser, Jr., U. S. Bureau of Labor Statistics, 
Department of Labor, Washington, D. C. 
Act now so that the survey will be a success 
and the profession will have data on a broad 
base, the better to relate itself to present public 
problems. 

The summary of the Brookings Institution 
reports, “‘America’s Capacity to Produce’’ and 
‘America’s Capacity to Consume,"’ furnished 
by courtesy of the Falk Foundation for distri- 
bution to engineers, has been in heavy demand. 
The American Engineering Council has secured 
a new supply of which a few still remain. 


ENGINEERS IN PUBLIC AFFAIRS 


Increased participation of engineers in public 
affairs is a theme upon which Council has been 
hammering for some time and one which is 
becoming more and more recognized as a need 
throughout the profession. At a meeting of 
the American Society of Municipal Engineers 
and the International Association of Public 
Works Officials in Washington last month, 
Dr. Louis Brownlow stated that engineers 
should begin to think of their relationship to 
the combination of cities and counties and 
states and the United States rather than to the 
cities or counties or states or the United States. 

As reported previously, Council is working 
to this end through a plan which ultimately 
will result in the setting up of state and re- 
gional public affairs committees composed of 
key men in each area. A system of member- 
ship committees, now rapidly developing to 
encourage state and local societies to join 
Council under the new plan of nominal dues, is 
a step toward the final set-up. 

In the preliminaries, there is one phase in 
which all can help. It is felt that, if engineers 
really are to bear weight in public affairs, the 
field must be developed along lines of engineer- 
ing analysis just as the technique of the pro- 
fession has taken form over the last several 
decades. We now have an extensive literature 
of engineering technique so that a specialist in 
any branch of the profession may read the 
record of successful experience in relation to his 
problems. 

But the equally broad field of public affairs 
has not been fully explored and charted by 
engineers. Council, therefore, is seeking to 
assemble material in an effort to build up a 
record of practical experience along this vital 
line of activity. You can help by sending in 
your general observations as to the proper rela- 
tionship of organized engineers to public 
affairs, together with accounts of actual cases 
with which you are familiar. How have engi- 
neering societies acted to support legislation in 
the public welfare? How have they helped 
promote sound public projects and improve- 


ments in public administration? How have 
they gotten their story over to the public so 
that the function and accomplishments of engi- 
neers have been recognized in their proper 
scale? The Council will appreciate having 
such material sent to it. 


ACTIONS OF EXECUTIVE COMMITTEE 


The Executive Committee meeting of Coun- 
cil in New York May 20 covered a wide field 
of subjects of basic interest to the profession. 
Reports of several of the Council's committees 
were accepted and steps were taken to effec- 
tuate the plans for membership, public affairs, 
activities, and special investigations which 
were brought forward at the annual meeting 
in January. 

The Water Resources Committee report, 
prepared under the chairmanship of Wm. S. 
Conant, was approved. Two fundamental 
needs for the formation of a National Water- 
Resources Policy were expressed as: (1) Com- 
plete and correlated basic data bearing on the 
subject and (2) comprehensive study of water- 
control legislation. The report advocates the 
establishment of an interdepartmental Board 
of Water Resources Investigation to correlate 
the investigational functions of Federal agen- 
cies dealing with water resources. In connec- 
tion with Federal reorganization plans, a 
Bureau of Water Resources is endorsed in 
principle. 

Favorable comment was made on the col- 
lection and systematic arrangement of a large 
mass of information covered by the report of 
the Water Planning Committee. Extension of 
this work was recommended through a 
National Advisory Water Planning Agency 
for comprehensive integrated drainage-basin 
planning. 

As to legislation, it is pointed out that 
many bills which are introduced in Congress 
have a tendency to stress the importance of 
water power beyond all the other urgent 
needs for water; also to overlook the known 
facts which limit the economic development 
of available power sites. Intensive study of 
proposed legislation by engineers is therefore 
deemed desirable. 

Opposition to the establishment of addi- 
tional river-basin authorities along the lines of 
TVA at the present time was adopted as a 
policy of Council. 

Boards of Civil-Service Appeals, to settle 
differences between Federal civil-service em- 
ployees and their superiors, are proposed in the 
Sirovich Bill (H.R. 3980). As the measure 
was first drafted, the representative of the em- 
ployee on the three-man board set up to hear 
the case would have been a representative of 
the international union to which the employee 
belongs. But a revision permits the employee 
to choose his own agent so that technical 
societies may act in the case of an engineer. 
The other two members of a board would 
represent the Civil Service Commission and 
the Federal department or agency involved. 

Cases where engineers who have qualified 
under civil service and feel that the rating did 
not give them the guarantee of employment 
to which they are entitled are being studied. 
Arthur W. Berresford, past-president of the 
Council, has started his preliminary study of 
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the general subject of the relation of engineers 
to the U. S. Civil Service. 

R. E. W. Harrison, chief of the Machinery 
Division, U.S. Bureau of Foreign and Domestic 
Commerce, member, A.S.M.E., points out the 
need for engineering societies to draft a pro- 
gram which will serve to coordinate engineering 
thought in respect to problems of national 
scope confronting the durable-goods indus- 
tries. He suggests the Council as the logical 
Organization to provide executive direction 
toward such a program. 

The Council's support of a program of 
aviation research under the National Advisory 
Committee for Aeronautics was recommended 
by the A.E.C. Committee on Aeronautics 
(Grover C. Loening, chairman) and was ap- 
proved by the Executive Committee. The 
desired program is set forth in a paper by 
Alexander Klemin, secretary of the A.E.C. 
Committee. Copies are available on request. 
Briefly, the recommendation is that the 
N.A.C.A. receive $50,000 per year of Federal 
funds earmarked for research to be done by 
universities and other institutions of public 
standing; not for educational purposes, 
buildings, or basic equipment. Scientific 
workers of approved institutions desiring to 
do research would submit formal plans. 
Results would be published in the form of 
N.A.C.A. technical notes or technical reports. 
A committee representing the N.A.C.A., 
Navy, Army, and Department of Commerce 
would supervise. 


EFFECT OF THE SUPREME COURT DECISION ON 
GOVERNMENT CONSTRUCTION PROGRAMS 


Administrators of Government funds of the 
several agencies of Government are scrutinizing 
with renewed care the exact phraseology of 
the legislation which gives them their author- 
ity. One immediate effect, therefore, of the 
hundreds which flow from this historic deci- 
sion is to call attention both on the part of 
those who administer the work-relief program 
and those who are expected to benefit by the 
work-relief program, to its exact provisions. 
This redefining of authority now taking 
place is further affected by the interrelations 
between state law and Federal law on relief. 
This situation tends for further confusion in 
straightening out the organization and ex- 
penditure of the work-relief program. 

The general status of the work-relief mea- 
sure have been noted in previous issues of 
Mecuanicat ENGINEERING and the amounts of 
the work relief appropriations have been 
given. Because of the confusion that exists 
both outside and inside of Washington at the 
moment, it seems worth while to restate the 
fundamental philosophy and purpose of the 
work-relief bill for the benefit of engineers and 
engineering: 

(4) This bill was conceived and passed to 
provide funds to employ for one year 3,500,000 
heads of families now on relief. It was con- 
ceived as a relief measure primarily and not as 
an employment measure. The four billion dol- 
lars was established on the basis of actually 
averaging to pay a man on relief $50 a month. 
This sum is the approximate average allow- 
ance per head of a family of from $19 to $94 a 

(Continued on page 464) 
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IGH-SPEED AIRPLANES created a new problem in 
H abrasion. Whirling propellers picked up small 
stones, cinders and sand particles as planes were taking 
off, threw them with tremendous force against the tail sur- 
faces, especially the leading edges, sometimes even wings. 
Double and triple thicknesses of metal were tried with- 
out success. Then someone thought of Goodrich—and 
now practically every modern transport carries Goodrich 
“abrasion shoes” —strips of a special kind of rubber pro- 
tecting the points where most wear occurs. Many of 
them have been in service for a year and a half. Former 
repair costs and delays have been forgotten. 


Airplanes may be a far cry from your business, but 
rubber is not. Whatever you make or do, chances are 
that rubber in its new compounds developed by 


WORRY - REMEMBER 


Goodrich can cut costs, increase precision, reduce 
waste, add new sales advantages. 


Goodrich engineers have led in perfecting rubber 
compounds until today rubber by Goodrich can be 
bonded inseparably to metal; it can be made odorless, 
tasteless; it can be in brilliant colors, intricate forms, 
unusual textures; it can resist chemicals, heat, cold, 
oil; it can flex millions of times without breaking; it 
can outwear the hardest wood, the toughest metal. 


Rubber as compounded by Goodrich is on the 


march to new usefulness in industry. Investigate its 
possibilities in your own. The B. F. Goodrich Co., 
Mechanical Rubber Goods Division, Akron, Ohio. 





Rubber linings, made for 
ball mills by Goodrich, 
withstand terrific abra- 
sion of steel balls and 
mineral ore, outwear 
3-inch manganese-steel 
liners, increase efficiency. 


Goodrich rubber cush- 
ions under railroad tie 
plates withstand the 
constant chafing of 
heavy metal. They last 
indefinitely, prolong life 
of ties, reduce costs. 


Goodrich drilling hose 
for oil wells withstands 
the abrasion of tons of 
mud at 800 pounds pres- 
sure, lasts as long as steel 
hose formerly used, costs 
one-half as much. 


“Armorite’’—a special 
rubbermadeby Goodrich 
for lining chutes han- 
dling abrasive gravel— 
has been known to last 
10 times as long as the 
steel formerly used. 












Goodrich cooperated 
with another manufac- 
turer in the development 
of a safety stair tread, 
which outwears granite 
and reduces accidents 
from slipping. 
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Sand blasting wore out 
steel helmets in a few 
hours. Now the helmets 
are covered with rubber 
by Goodrich, using a 
special process~and » Baw 
last for months. 
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month. This compensation for relief was pur- 
posely set at this relatively low figure so that 
men on relief would prefer jobs outside of re- 
lief, rather than to continue on types of work 
paid on a relief basis. 

6) The bill provides that this work shall 
be carried out within the locality of a man's 
present place of residence. In other words, 
local projects of such character that lend them- 
selves to relief work would employ men and 
women on local relief rolls. 

(c) The type of any given project is to be de- 
termined by the training and experience with 
the available relief labor within the locality of 
that project. 

(4) This whole program is predicted on the 
intention that work relief shall be made un- 
attractive. 

¢) The bill includes provisions for adminis- 
tration expenses. The payment for such ad- 
ministration expenses is not on the basis of the 
relief compensation, but is to be established on 
the basis of the going local rates or fees for 
such work. 

American Engineering Council has followed 
this program from its beginning. The staff of 
Council is familiar with the details of the pro- 
gtam from its inception. The summary in the 
long view represents the understanding not 
from newspaper comment, but from an analy- 
sis of the law itself and of the Executive Orders 
so far issued. 


Industrial Relations Confer- 
ence, Silver Bay on Lake 
George, August 28-31 


NNOUNCEMENT has been made of the 

Eighteenth Annual Conference on Indus- 
trial Relations to be held August 28 to 31, at 
Silver Bay on Lake George, N. Y., under the 
auspices of the Industrial Department of the 
National Council of Y.M.C.A.’s, 347 Madi- 
son Ave., New York, N. Y. The topics to be 
discussed are collective bargaining, social se- 
curity, employee training, wage incentives, 
and general problems relating to the revalua- 
tion of personnel programs 


The Shipping, Engineering, 
and Machinery Exhibition, 
London, Sept. 12-28 


NNOUNCEMENT has been received of 
The Shipping, Engineering, and Ma- 
chinery Exhibition, incorporating the Foundry 
Trades Exhibition, to be held at Olympia, 
London, England, September 12 to 28, 1935, 
under the patronage of the British Engineers’ 
Association, Inc., the Society of Motor Manu- 
facturers and Traders, Ltd., the British Marine 
Oil Engine Manufacturers and Traders, Ltd., 
the British Marine Oil Engine Manufacturers’ 
Association, and the Foundry Trades’ Equip- 
ment and Supplies Association, Ltd. This is 
the thirteenth of a series of exhibitions that 
have been held biennially (except during the 
War) since 1906. 
The exhibition is devoted to shipping, ship- 
building, marine engineering, dock and harbor 


equipment, internal-combustion engines, iron 
and steel, welding and welding equipment, 
production engineering, foundry plant, equip- 
ment and supplies, drafting-room equipment, 
nautical and scientific instruments, and marine 
accessories. 


Third National Machine Tool 
Congress 


HE Third National Machine Tool Con- 

gress will be held in Cleveland from Sep- 
tember 11 to 21. The A.S.M.E. Machine 
Shop Practice Division and Cleveland Local 
Section will sponsor the evening sessions on 
September 11 and 12. Other evening sessions 
will be sponsored by the Society of Automotive 
Engineers and the American Society of Tool 
Engineers. The National Machine Tool 
Exposition under the auspices of the National 
Machine Tool Builders Association will run 
simultaneously with the Congress. 


A.S.T.M. Officers for 
1935-1936 


FFICERS of the American Society for 

Testing Materials for 1935-1936 are as 
follows: President, H. S. Vassar, Public 
Service Elec. & Gas Co., Irvington, N. J., 
member, A.S.M.E.; vice-president, A. E. 
White, director, Department of Engineering 
Research, University of Michigan, Ann Arbor, 
Mich., member, A.S.M.E.; members of execu- 
tive committee, W. H. Graves, chief metal- 
lurgist, Packard Motor Car Co., Detroit, 
Mich.; R. L. Hallett, National Lead Co., 
Brooklyn, N. Y.; N.L. Mochel, metallurgical 
engineer, Westinghouse Elec. & Mfg. Co., 
Philadelphia, Pa.; H. H. Morgan, manager, 
Rail and Track Fastenings Dept., Robert W. 
Hunt Co., Chicago, Ill., member, A.S.M.E.; 
and W. R. Webster, chairman of the board, 
Bridgeport Brass Co., Bridgeport, Conn., 
member, A.S.M.E. 


Engineering Index National 
Committee to Solicit Funds 
pray seman of the Engineering In- 


dex National Committee is now suffi- 
ciently near completion to begin the actual 
solicitation of funds, according to the an- 
nouncement of its chairman, Dr. Frank B. 
Jewett, president of Bell Telephone Labora- 
tories, Inc., and vice-president of the American 
Telephone and Telegraph Corporation. 

With regional subcommittees, the group in- 
cludes more than 125 representative engineers, 
educators, and industrialists in various sections 
of the country. These members will ap- 
proach, in the next few months, several hun- 
dred leading industrial corporations in New 
York, Boston, Philadelphia, Pittsburgh, 
Cleveland, and Chicago. 

The keynote of the campaign is sounded by 
Dean Collins P. Bliss, of the College of Engi- 
neering of New York University, who is presi- 
dent of the Index. 

“The primary purpose of the fund we are 
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about to raise,’’ he explains, ‘‘is to set in mo- 
tion a progressive constructive program. Of 
the value of the Engineering Index to science 
and education there can be no question, but it 
is of even greater value to American industry. 
The Index is more than an up-to-date record of 
industrial progress; it is a fountainhead of 
information which industry must always have 
available. 

‘Inasmuch as industry benefits so greatly 
and so directly from the Index, the obligation 
of keeping the Index going rests squarely upon 
industry's shoulders. Hence it is among in- 
dustrialists that the present campaign is being 
conducted. 

“The program which the fund will make 
possible will be carried out over a five-year 
period. Not only will the continued useful- 
ness of the Index be insured for that period, 
but by the end of that time it will have become 
wholly self-supporting. And, what is equally 
important, the Index will have been extended 
to an ever-widening circle of users through a 
reduction of the subscription rates until the 
rates have become only about half what 
they are now. 

‘Some question may be raised as to the wis- 
dom of making an appeal for funds at a time 
when economic conditions seem as unfavorable 
as they are at present. The existing poor busi- 
ness conditions, however, are one of the chief 
reasons for action. The Index always has 
been valuable; today it is necessary. 

“Right now industry is looking to the engi- 
neer to lead the way out of the depression. 
Every manufacturer must have new processes, 
new methods, new equipment, new products, 
if he is to keep pace with the upward climb. 
It is ‘essential that each be thoroughly con- 
versant with what the others are doing.”’ 

The Engineering Index, for which the fund 
is being raised, is unique in its field. It may 
be described as a virtually complete catalog, 
with annotations, of current technical litera- 
ture in all branches of engineering. 

It is published in two forms: The complete 
annual volume and the cumulative daily and 
weekly card service, including 280 subdivi- 
sions. Altogether about 2000 publications 
from 40 countries and in 20 languages are re- 
viewed by the editors. 

Among the industrialists, educators, and 
engineers now enlisted in the enterprise are: 
Dr. John V. N. Dorr, president of The Dorr 
Company, National Vice-Chairman; Joseph 
W. Barker, dean of the Engineering School, 
Columbia University, New York area chair- 
man; Irving E. Moultrop, chief engineer, 
Edison Electric Illuminating Company of 
Boston, chairman of the Boston area commit- 
tee; Parke R. Kolbe, president, Drexel Insti- 
tute, Philadelphia area chairman; Samuel M. 
Kintner, vice-president in charge of research, 
Westinghouse Electric and Manufacturing 
Company, chairman of the Pittsburgh area 
committee; and W. B. Mayo, chairman of the 
Detroit area committee. In Cleveland a com- 
mittee is being sponsored by James H. Herron 
of the James H. Herron Company; and William 
L. Abbott, Chief Engineer, Commonwealth 
Edison Company, is serving as area chairman 
in Chicago. 

Continued on page 466, 
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200 to 600 amps. 








“Shield-Arc” Welders 
A.C. or D. C. Motor Drive 






“Stable-Arc” Welders 
A. C. Motor Drive 
75 and 100 amps. 







































“Shield-Arc” Welders 


Engine Drive 
200 to 600 amps. 





“Shield-Arc” Welders 


Belt or Direct Drive 
200 to 400 amps. 


Why it pays to buy from 


ARC WELDING HEADQUARTERS 


From Lincoln has come all the important 
improvements in arc welding equipment 
—thus users of the electric arc have 
learned to depend on Lincoln as the one 
reliable source for all their welding needs. 
Lincoln’s unequalled experience in the 
application of the arc process, plus con- 
tinual research for more than a quarter 
century, has made it possible to offer 
not only the latest developments in 
equipment but also an engineering 
service of a most practical nature. 





To be sure you get all the advantages 
arc welding can offer you, consult The 
Lincoln Electric Company, Cleveland, 
Ohio. Largest Manufacturers of Arc 
Welding Equipment in the World. 
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POP “Lincoln is juss LAD “Righto—and they 
as interested in us as_ charge us nothing to give 
before we bought their our operators a thorough 
equipment. Here’s training in the Lincoln 
their suggestion for welding school —another 
redesign which will example of Lincoln’s 
cut our costs 17%.” complete service.” 


“Shield-Arc AC” Welders 
A. C. Motor Drive 








LINCOLN ELECTRODES 


for every welding purpose 


For Shielded Arc Welding on Mild Steel 
“FLEETWELD”’ 


For General Purposes 
““STABLE-ARC”’ 


For Light Gauge Steel 
“LIGHTWELD” 


For High-Tensile Steel 
“SHIELD-ARC 85” 


For 18-8 Stainless Steel 
“STAINWELD A’”’ 


For High-Manganese Steel 
“MANGANWELD”’ 


For Wear Resistance 


“HARDWELD”’ 


For Shock and Abrasion 
“WEARWELD” 


For Severe Abrasion 


“ABRASOWELD”’ 


For Cutting Edges 
“TOOLWELD”’ 


For Cast Iron 


“FERROWELD”’ 


For Aluminum 


“ALUMINWELD” 
e 


LINCOLN SUPPLIES 


include electrode holders, cable, 
face and head shields, lens and 
cover glass, protective clothing, 
cleaning tools, tables and booths, 
and manipulators. 
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B. M. Brigman Honored 


B M. BRIGMAN, Manager, The American 
e Society of Mechanical Engineers, and 
dean, Speed Scientific School, University of 
Louisville, has been appointed a member of 
the City Planning and Zoning Commission, by 
Mavor Neville Miller, of Louisville, Ky. 


American Foundrymen’s Asso- 
ciation, Toronto, Aug. 20-23 


tbo 1935 convention of the American Foun- 
drymen's Association will be held in To- 
ronto, August 20 to 23, with headquarters at 
the Royal York Hotel. 

The schedule of technical sessions, shop-op- 
eration course meetings, and round-table lunch- 
eons, developed by the various division pro- 
gram committees, will provide papers, reports, 
and discussions of current problems relating to 
executive, metallurgical, engineering, and pro- 
duction phases. Sessions have been planned 
on silicosis and employer responsibilities, 
safety codes and dust-collection equipment, 
materials-handling equipment problems for 
handling molds and sand in the smaller or me- 
dium-sized foundries, and apprentice training. 

Two symposia are to be held, one on **De- 
oxidation and Degasification of Nonferrous 
Casting Alloys,’’ and the other on ‘‘Centrifu- 
gal Castings.” 


Cooperative Mechanical Engi- 
neering Course at M.1.T. 


NEW five-year cooperative course in me- 
Z£ \ chanical engineering, leading to the de- 
gree of master of science, at the Massachusetts 
Institute of Technology has been announced 
The new course, which is designed to give 
students an insight into the technical and ex- 
ecutive aspects of industrial manufacture, will 
be given in cooperation with the General Elec- 
tric Company. Under the cooperative plan, 
which is similar to that successfully operated 
for several years past by the department of 
electrical engineering, students will carry on 
practical work in the company’s plants in con- 
junction with their studies at the Institute. 
The industrial work has been carefully 
planned with a view to its educational value, 
and at all times will be closely correlated with 
instruction at Technology. The content of the 
first four years of the course will be essentially 
the same as that given in the present course in 
mechanical engineering, there being no omis- 
sions in the fundamental and professional sub- 
jects. Those subjects omitted from the regu- 
lar-course curriculum have their counterparts 
in the program at the works. The final year 
of graduate study and research will be planned 
for each student in accordance with the re- 
quirements of the graduate school. During 
the final term students may be assigned to the 
company's research departments for special 
work designed to develop individual aptitudes. 
Students will be chosen for the new option 
on the basis of aptitude and scholastic records 
after two years’ study in the regular mechani- 


cal-engineering course. The subsequent three 
years, including summers, will be spent either 
at Technology or at the industrial plants. 
The course will lead to the degree of master of 
science, together with the degree of bachelor 
of science as of the preceding year. 


A.S.M.E. Transactions 
for June, 1935 


HE June, 1935, issue of the Transactions 
of the A.S.M.E., the Journal of Applied 
Mechanics, contains the following papers 


TECHNICAL Papers 


Distributed Gravity and Temperature Load- 
ing in Two-Dimensional Elasticity Re- 
placed by Boundary Pressures and Disloca- 
tions, by M. A. Biot. (Discussion will be 
received on this paper until August 10, 
1935.) 

On the Hydrodynamic Analogy of Torsion, 
by J. P. Den Hartog and J. G. McGivern. 
(Discussion will be received on this paper 
until August 10, 1935.) 

Pitting Due to Rolling Contact, by Stewart 
Way. (Discussion will be received on 
this paper until August 10, 1935.) 

Film Lubrication in Sleeve Bearings, by M. 
Stone. (Discussion will be received on 
this paper until August 10, 1935.) 


ResearcH Reviews 


Review of Recent Research in Thermo- 


dynamics, by John A. Goff 
Design Data 


Concentration Photo- 
Determined, by Max M. 


Factors of Stress 
elastically 
Frocht 


Discuss1on 
On previously published paper by Messrs. 
R. E. Peterson and A. M. Wahl 
Boox Reviews 
By L. C. Maugh, C. H. Jennings, J. N. 


Goodier, J. Ormondroyd, S. Kleinhans, 
J. C. Hunsaker, and J. P. Den Hartog. 


Candidates for Membership 
in the A.S.M.E. 


HE application of each of the candidates 

listed below is to be voted on after July 
25, 1935, provided no objection thereto is 
made before that date, and provided satis- 
factory replies have been received from the 
required number of references. Any member 
having comments or objections should write 
to the secretary of the A.S.M.E. at once. 


New APPLICATIONS 


ALEXANDER, Rap M., Prospect Park, Pa. 
Anprews, Rosert Mitts, Ithaca, N. Y. 
Antuony, Ricuarp L., Hamden, Conn. (Rt 
Bassorr, A. Barr, New York, N. Y. (Rt & T 
Bocxstauter, L. A., Jr., Shaker Heights, Ohio 
(Re) 
Carrot, W. M., Fort Wayne, Ind. 
Cronvicn, James A., New Orleans, La. (Prize 
Student) 
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Coomss, Rosert R., Toronto, Ohio 
Dotcorukov, Grecory S., New York, N. Y. 
Faxon, H. C., Singapore, S. S. 

Fry, Pen W., Seattle, Wash. 

GrauaM, E. H., Jr., Hyde Park, Mass. 
Harvey, Kenneto H., Glens Falls, N. Y. 
InGuisH, Harotp C., East Hartford, Conn. 
Kemoisn, L. W.. Pullman, Wash. 

Lacunicut, GeorGe H., Jr., Brooklyn, N. Y. 
Lerson, Me.pon G., Lincoln, Nebr. 
Martuor, Ram Kisuan, Punjab, India 
Meswarp, Herman W., Brooklyn, N. Y. 
MIcKLeTHWAITE, WM.E., Toronto, Ont., Can. 
NeEwELL, Joun B., Seminole, Okla. 

SaiLer, Josepx, Jr., Philadelphia, Pa. 
ScHEUNEMAN, ALBERT, Buffalo, N. Y. 
Scnuster, Artuur W., Buffalo, N. Y. 
SHuman, Lioyn E., Seattle, Wash. 

SinGu, Jacir, Punjab, India 

Smit, Younc C., Detroit, Mich. 

Sparx, Oxiver S., Lakewood, Ohio 

Ucrin, Nick, Los Angeles, Calif. 

Van Doncen, J. R. J., Eindhoven, Holland 
Watters, Pror. J. E., Lafayette, Ind. 


CHANGE OF GRADING 


Transfers from Associate-Member 
Crark, Ernest E., Brooklyn, N. Y. 
Hook, James W., New Haven, Conn. 
Romanac#, Juan A., Havana, Cuba 
Waxes, C. Crarxe, Cleveland, Ohio 


Transfers from Junior 

Coxe, Kennetu W., Chicago, Ill. 
DannetTeL, R. C., Baltimore, Md. 
FarMER, Epwarp H., Toledo, Ohio 
Hing, Russert C., Baltimore, Md. 
Forman, W. W., Waterbury, Conn. 
Hoey, Criype R., Jr., Canton, N. C. 
Kratscn, A. E., Manitowoc, Wis. 
Kraus, Cuartes E., Ann Arbor, Mich. 
Mattson, Arne L., Tammerfors, Finland 
Ryan, Wixit1aM J., New York, N. Y. 
SmitH, Ronan R., Fr. Atkinson, Wis. 
THompson, Mitton J., Ann Arbor, Mich. 
Wricut, Donatp M., Cambridge, Mass. 


Necrology 


’ ‘HE following deaths of members have 
recently been reported to the Office of the 
Society : 


Bitcer, Henry E., April 23, 1935 
Crays, Ernest M., April 10, 1935 
Cottins, THomas F., Jr., May 14, 1935 
Cornman, L. M., February 20, 1935 
Fry, GeorGe C., May 5, 1935 

Hammer, A.LrreD E., May 9, 1935 
Heatu, Georce E., March 18, 1935 
HENDERSON, JOHN V., March 4, 1935 
Hiss, Remnuarp A., February 17, 1935 
LupeMan, Epwin H., November 6, 1934 
Me tvitie, Marnor Stuart, April 25, 1935 
MerriLx, Apert S., March 31, 1935 
NAEGELEY, JOHN C., April 6, 1935 
Nope, Frep, December 19, 1934 
Parce, J. Y., Jr., April 18, 1935 

Reip, WitiiaM L., March 9, 1935 
SkoGMaRK, JoHn, March 26, 1935 
STEPHEN, CHares W., May 2, 1935 
Stewart, James D., Jr., April 26, 1935 
Wriacat, Anton P., Jr., March 28, 1935 





